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I. — Notes on a Till or Bouldeb Clay witJ^ Broken Shells, 
in the Lower Valley of the River £ndrick, near Loch Lomond , 
and its ReUuion to certain other Glacial Deposits. By 
Robert L. Jack, F.G.S., of the Geological Survey of 
Scotland.* 

[Read ISth Jaa, 1874.] 

The eastern angle of Loch Lomond is at present being rapidly 
silted up with the detritus carried into it by the River Endrick. 
Many acres of land have been gained from the Loch during the 
lifetime of some of the present residents on its shores. From the 
eastern extremity of the Loch there stretches, for some miles 
inland, a broad alluvial flat, through which the lower part of the 
Endrick pursues its crooked course. It is impossible to doubt 
that when the great icy graving tool was withdrawn, an arm 
of the newly made lake covered the site of this extensive alluvial 
flat. During the intensest cold of the glacial period, the valley 
of the Falloch (the site of Loch Lomond) was filled by an ice- 
sheet of immense thickness, which scored the side of Ben Lomond 
with striee (parallel to the direction of the valley) to the height 
of 2,250 feet above, while it grated over a bottom no less than 
600 feet below the present level of the sea. At this period the 
Menteith Hills, which rise to 1,400 feet, and whose tops present 
a perfect example of a Trumtonne outline on a large scale,t 

* Of the facts meDtioned in the followiog paper, those which were dis- 
covered in carrying on the Geological Survey are communicated, with the 
permission of the Director-General, in anticipation of the official Maps and 
Memoirs. 

f This appearance is so marked from the southern side of the Carse of 
Stirling, that the range is known to the inhabitants of Kippen and Bnchly vie 
as "The Scolloped Hills." 
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were oTerridden, and the Campsie and Kilpatrick Hills, though 
rising to 1,894 feet, were boried beneath the sheet of ice which 
flowed south-eastward out of the Highland glens. By contouring 
the bottom of the lake (from the data afforded hj the soundings 
on the Admiralty Chart), I have found that there are no less 
than twelve separate basins between Ardlui and Balloch. These 
hollows are, without exception, elongated in the direction of the 
valley, and follow pretty nearly the sinuous line laid down on the 
Ordnance map as the boundary of the counties of Dumbarton 
and Stirling — a line which probably corresponds pretty closely 
to the course of the Falloch before Loch Lomond existed. The 
hollows are divided one from another, not by steep scarps, but by 
undulations so gentle that when the contour of the bottom is 
drawn to a true scale, they are hardly appreciable by the naked 
eye.* The shallows and deeps, when the geology of the neigh- 
bourhood comes to be examined in detail, will probably be found 
to corresix>nd respectively with the outcrops of harder and softer 
bands of the upturned Silurian strata, which strike across the 
lake from south-west to north-east, and they may also be supposed 
to depend in some degree on the varying width of the preglacial 
valley. 

It is not, however, my intention at present to recapitulate the 
evidence on which Loch Lomond is claimed as an example of a 
glacier-formed lake, but merely to make such a sketch of the 
physical geography of the district as will render intelligible the 
peculiarities of the deposits to be described. 

It has already been observed, that when the ice-sheet was at 
its thickest it overflowed the Menteith, Campsie, and Kil- 
patrick Hills, and this is attested by the glacial striae and the 
" carry " of the drift. But, as Mr. Dugald Bell has pointed out,t 
there were periods when the attenuated ice -sheet was divided by 
the minor hill-ranges that opposed its course, and was forced to 
round them and to stream through the valleys intersecting them 
from west to east. This view, I may say, is amply supported by 
the strisB mapped by myself in carrying on the Geological 
Survey ;t the high grounds being crossed by striations from 

* See Mr. J. Geikie^s OrecU Ice Age. Appendix D. 

t "Notes on Cross Stris at Fossil, near Glasgow. "--TVafM. OeoL Soc, 
Glasgow, Vol. IV., pp. 223 and 304. 

t The strisB referred to will be found in the forthcoming Geological Survey 
Sheets, Nos. 30 and 31. 
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N.W. to S.E., whUe the lower Clyde Yallej, the Blane-OIasert 
Valley, the Endrick-Carron Valley, and the Forth Valley are 
swept by east and west striations. 

When the ice had degenerated from a continuous ^^nappe^ 
bearing down (in this district) from the N.N.W. to a series of 
separate glaciers streaming from west to east over the low 
passes of the Campsie Hills, the erosion of a new set of lakes 
would be begun nearly at right angles to the older set, and this 
erosion would be much facilitated by the circumstance that the 
courses of the protrading tongues of the shrinking ice- sheet 
would lie mainly among Sandstones of Lower Old Red and Lower 
Carboniferous age, much softer than the Silurian rocks enclosing 
Loch Lomond in its upper part. Theoretically, we should look 
for lakes in localities where the ice-streams or glaciers would be 
subjected to strangulation from the narrowing of their respective 
beds, and accordingly we find broad alluvial flats in several such 
situations, which it requires no great stretch of imagination to 
regard as silted-up lake basins, viz. : — in the Endrick-Blane 
Valley, the one above referred to as flanking the lower reaches 
of the Endrick, and which is merely a prolongation of Loch 
Lomond ; in the Blane Valley proper, the one extending from 
the confluence of the river with the Endrick to Duntreath 
Castle; and in the Endrick Valley, the one stretching from 
Newtown of Fintry to the Gonachan. In the case of the Dun- 
treath Castle basin, the cause of " strangulation'* is obviously to 
be found in the hard trap escarpments and magnificent volcanic 
"necks" overlooking Strathblane. The sudden contraction of 
the Endrick Valley at its issue from between the fine trap 
escarpments at Fintry could not fail to increase the intensity of 
the erosion on the site of the Gonachan basin. It is not impos- 
sible that the rock-basin of Loch Lomond may be continuous 
from the mouth of the Endrick up the Blane Valley to Duntreath 
Castle, as the rock is nowhere seen in the bottom of the valley, 
and the lower part of the valley is flanked by deep drift deposits, 
which may conceal a broad rock-basin. It is, however, probable 
that a gentle rise of the Sandstone bottom about Catter Bum- 
foot, divides this comer of the rock-basin (which, had the country 
beyond offered a level bed for the passage of the ice, would 
naturally have terminated the loch), from the depression higher 
up the valley, due to the strangulation of the glacier. 

The elevation (20 feet) of Loch Lomond above the sea is so 
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trifling that there is no difficulty in classing it with the sea lochs 
which indent the western coast of Scotland. All these sea 
lochs are shallow at their outlets, and would become fresh-water 
lakes, like Loch Lomond, on a very slight elevation of the land. 
In fact, it may be regarded as in a manner an accident that Loch 
Lomond is not now an arm of the sea. A depression of 20 feet, or 
the removal of the superficial deposits traversed by its short out- 
let, the Leven, would restore it to its former condition. 

In the course of my work on the Geological Survey to the 
south of the eastern angle of the Loch, and its silted-up continu- 
ation above referred to, it fell to my lot to map out a deposit 
whose relation to the already known members of the glacial 
series seemed to deserve particular attention. 

The deposit is a true typical Till, in every respect analogous to 
the Old Boulder Clay or Till of the Lowlands of Scotland. In a 
matrix of stiff unstratifled clay, brown in colour, like the subja- 
cent Old Red Sandstone rock, are scattered stones of varying 
sizes up to several feet in diameter. These are blunted, 
smoothed, and marked with striations in all directions, but most 
frequently in the direction of their longer axes. The Till under- 
goes local variations, but on the whole may be described as 
above. It presents, however, one remarkable peculiarity to dis- 
tinguish it from the common Till of the country. It contains 
worn and broken fragments of marine shells. 

I shall now describe briefly the various exposures of the Till 
which have come under my observation. I am indebted to Mr. 
Eobert Etheridge, Jun., F.G.S., Acting Palaeontologist to the 
Geological Survey of Scotland, for naming some of the shells 
mentioned in this paper, and for many valuable notes. Messrs. 
J. Bennie and A. Macconochie also obliged me by washing a 
quantity of the Till for minute organisms. 

Ross Burn, Ross Priory, Right Bank, about 400 Fekt North of 100 
Fket Contour Line.— Altitude above sea level, judging by the fall from the 
contour line, say 80 feet. Six feet of brown Till, exhibiting— what is occa- 
sionally noticeable in the common till— a tendency to horizontal arrangement 
in the scratched stones. One layer, somewhat more gravelly in appearance 
than the rest, yielded a fragment of Cyprina Inlandica, 

Ross Burn, Right Bank, at 100 Fket Contour Line.— 20 feet of Till 
Not otherwise distinguishable from ordinary till than by a rather smaller 
proportion of stones to clay than is usual. Stones almost all well scratched. 
(Observed a few of granite.) A small proportion rounded. Shell frag- 
ments scattered throughout. Cyprina Idandica and Trophon dcUJnrcUum 
recognisable. 
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Ross Burn, Bight Bank, beside Tullochan Mill Lade.— Estimated 
height 320 feet Six feet of ordinary Till, with well-scratched stones in a 
brown matrix. Shell fragments rare, and much worn. Aatarte sulcata 
recognisable. 

ElLHARONOCK VILLAGE, BETWEEN BrIDGEND ANDUnITED PrESBYTERLAN 

Manse, in Boadside Drain.— Height, say 125 feet Brown Till, with shell 
fragments. 

Blairrenich Burn, Kilmaronock— Angle West of Cambusmoon 
Cottage, Bight Bank.— Say 130 feet high. Eight feet of TUI. Matrix stiff 
brown sandy clay. Stones fairly numerous and large, and well scratched. 
Of 100 stones split up for the purpose of striking an average, 34 were Silurian, 
9 quartz, and 57 Old Bed, the latter being the rock in situ. Shell fragments 
numerous. The upper half of the Till rather less stoney in parts than the 
lower, but the shells equally distributed throughout. Cyprina Idandiea and 
Aatarte sulcata recognisable. This section is clear, and unobscured by the 
usual tahis of rubbish, which is here constantly cleared away by the stream. 
1 should particularly advise any geologist who may wish to get a fair idea of 
the deposit, to visit this section. 

Blairrenich Burn, on Bight Bank between last Section and Blair- 
renich Cottage.— Two more Sections, the lower shewing a tumbled face of 
about 12 feet, resting on brown flaggy Old Bed Sandstone. The surface of 
the upper exxxwure is about ICO feet above the sea level. The shell fragments 
in both sections much broken, and rare. 

Catter Burn, beween Catter Old Mill and Low Gartachorrans.— 
Height of surface, say 125 feet 40 to 50 feet of well-marked brown Till, 
full of scratched stones, and containing a few fragments of Cyprina Islandica, 
and a whole valve of Astarte compressa, 

BiYER Endrick, Bight Bank, between Bail way Bridge and Park or 
Drumquhassle.— Till like that on Catter Burn, from level of river up to 
about 8 feet higher. Altitude of surface of Till, say 35 feet Fragments 
of shells numerous, but very frail and imperfect Cyprina Islandica^ Astarte 
sulcata, and a fragment of Balamm were recognisable. The following were 
got on washing^the clay (the list is by Mr. Etheridge) : — 

Globigerina hulloides, D'Orb. 
Layena globosa f Montagu. 

„ marginata? Montagu. 

„ sulcata ? W.&J. 
Polystomella striato-punctata, F. & M. 

„ {nonionina) depressula? W. & J. 

In addition to the foregoing, the remains of the spine of an echinoderm, 
and a small roundish body which has the appearance of a much worn case of 
an entomostracan, were found ; and also what appears to be the seed of a 
plant with a triradiate star on th^ surface, closely resembling the seed of the 
Carboniferous genus Flemingites of Carnitliers. 

In the above description nothing has been said of the relations 
of the shelly Till to other deposits. I shall now indicate what 
was observable on that point. 

In Catter Burn, Koss Burn, and the higher sections on Blair- 
renich Burn, the shelly Till, although only in a few places 
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actually seen in contact with the rock, is generallj seen so near 
the latter that no other superficial deposits of importance can be 
supposed to intervene. It is possible that farther to the south- 
east the shelly Till may shade into the " true Old Boulder Clay/' 
and I confess that but for the shell fragments of the one, I 
should be unable to distinguish it from the other. On the other 
hand, it may be that the remains of a " true Old Boulder Clay ** 
will be found to underlie the shelly Till ; but I have not yet 
recognised them there. I believe, nevertheless, on grounds to be 
presently stated, that the shelly Till has its place above the Old 
Boulder Clay. 

I am well aware that it is sometimes difficult to distinguish 
a clay of marine origin, when it happens to be crowded with 
dropped stones, from a true Till, the product of land-ice, and that 
careful investigation has often proved that animal remains said 
to have been found in the till, really came from stratified beds 
separable from that deposit. But I am confident that in this 
case the fact of the dispersal of worn shell fragments through the 
Till itself will stand any test to which it may be put. Moreover, 
the deposit, although fossiliferous, so exactly resembles the true 
Till elsewhere, that there is no good reason why an origin of 
a different nature should be assigned to it. 

On referring to the Ordnance map,* it will be observed that 
the shells have been nowhere detected in the Till more than a 
mile south of the eastern part of Loch Lomond and its silted-up 
continuation. The farther the Till is traced from the Loch, the 
more rare and fragmentary do the shells become. The shells in 
the Till are as much boulders as the scratched stones themselves; 
and just as the boulders decrease in size the farther they have 
travelled from the parent rock, so also do the rubbed and crushed 
shells of the Endrick Yalley Till. 

The explanation which, I believe, agrees best with the facts 
observed with reference to the Till in question, is the same in 
principle as that supported by Mr. James CroU for the Shelly 
Till of Caithness, f The Till is, I believe, a product of land 
ice — the moraine prqfonde of a large glacier which filled up 

* In the preceding and following descriptions of sections it is intended that 
the exact localities referred to should be capable of identification with the 
aid of the 1-inch Ordnance map. 

t *< The Boulder Cky of Caithness, a product of land ice,''— OeoL Mag.^ 
VoL VIL, p. 209. 
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the lake, covered the islands — ^two of which rise to over 200 feet 
in height — and climbed the rising ground between the Leven and 
the Endrick to the height of 320 feet at least. 

This glacier, in all probability, existed during the latter por- 
tion of the period (preceding the "great submergence" of the 
laod) to which the confluent ice-sheet is referred. Professor A. 
Geikie, F.II.S., Mr. James Geikie, Mr. Bennie and others, have 
adduced proofs that the great ice-sheet period was interrupted 
by several intervals of milder conditions, when the ice melted 
from land and sea, and marine and terrestrial faunas and floras 
were re-established. Professor Geikie first drew attention to the 
stratified beds intercalated with the Till,* and Mr. James Geikie 
has recently given them a new importance by bringing forward 
evidence of the presence in Britain of palaeolithic man at the 
time they represent.t 

At the height of the glacial period the Irish Sea and the 
North Sea were both filled up with true land-ice, so that pro- 
bably every form of marine life, except perhaps a few minute and 
hardy Foraminifera and Entomostraca, was banished for a time 
from our shores, at least as far south as the Bristol Channel. 
Whenever, therefore, the remains of a marine fauna are found 
among the deposits of this period (prior to the submergence), a 
mild interval must have intervened of sufficient duration to 
admit of the northward migration of the species from the habi- 
tats to which they had been driven by the protrusion of the ice. 
When, however, shells are found diflused throughout the Till 
itself, they must either, (1) have been derived from stratified 
beds deposited before the glacial period or during one of its 
milder internals, or (2) they must have been living when the ice- 
sheet protruded itself over the sea bottom which they inhabited. 
If we account for a " shelly till " by the latter theory, we must 
suppose that the outer submarine edge of the glacier ploughed 
up the superficial deposits, including living and (if any) fossil 
marine animals, and that the confiised mass thus pushed forward 
by the ice would be further augmented by the properly so-called 
terminal moraine — the accumulation of rock debris which had 
travelled on or in the glacier from the inland mountains to its 
outer edge. But such an accumulation, and especially its upper 
portion (the terminal moraine), could not fail to present a recog- 

♦ Trans, OtoL Soc., Glasgow, Vol. L, Pt 2 (1862). 

t Oeol. Mag., Vola. VIII. & IX. (1871-72). See also The Great Ice Age. 
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nisable stratification, the characteristic mark of arrangement by 
water. The Endrick Till at least, as has been already insisted 
on, possesses by no means this character. Moreover, instead of 
being distributed throughout the Till pretty equally over an area 
of a good many square miles, as in the case in question, the 
shells would be found only along one or more lines or bands, 
marking the successive limits of the extension of the glacier. 
This will be better understood by reference to diagram, fig. 1. 




Fig. 1.— Eod of Glacier at three successive stages. 

Let us suppose that after a mild period the ice has retired and 
the sea has resumed possession back as far as the point x, A 
marine feiuna has been established over the sea bed back to x. 
The glacier now advances to the line A, where it leaves a belt 
of superficial deposits (mingled with exuviae of animals) ploughed 
up from the space between x and A. The glacier once more 
retires to x, and re-advances to B. to which line it pushes the 
deposits accumulated between x and B. A similar sequence of 
events takes place when the ice retires to x and re-advances to C. 
If the ice at its second or third advance reaches as far as A or 
beyond it, the debris (including animal remains) is pushed for- 
ward, and forms a belt as before. As I understand this theoiy, 
it demands that shelly boulder clays (perhaps all boulder 
clays) can only occur in heaps along the outer limits of a 
glacier, and can only be formed while the outer edge of the 
glacier is advancing. 

We are forced, therefore, to return to our first assumption, 
viz., that the broken shells in the Till have been derived " from 
stratified beds deposited before the glacial period, or during one 
of its milder intervals." It seems much more probable that the 
shells lived during one of the mild intervals towards the close 
of the ** pre-submergence " period, than that they are of pre- 
glacial age. In the latter case, the shells would have been 
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crushed, and jostled, and ground along with the other materials 
of the moraine pro/ondCy under the enormous pressure of an ice- 
sheet thick enough to leave on the sides of Ben Lomond the 
markings already referred to, and to surmount the Campsie Hills. 
In such circumstances they could hardly have escaped being 
crushed to powder. Further, the shelly boulder clay would in 
that case surely have been, at least in parts, eroded and cut into 
by an unfossiliferous Till belonging to some of the subsequent 
periods of glacial extension. Besides, the long eastern tongue 
of the Loch, now silted up, would not be eroded till the ice-sheet 
had ceased to be confluent, and had sent a spur up the Endrick- 
Blane Valley; and judging from the direction of the glacial striae 
and the positions where the shelly Till has been observed, for 
instance, in the Catter Bum, the latter is more likely to have 
derived its shells from the silted-up comer than from a fjord of 
the dimensions of the present lake. 

On Hoss Bum, at a lower level than the lowest exposure of 
the Till on that bum — say 65 feet above the sea — there is a 
section as follows : — 

b. Coarse gravel, old alluvium of burn. 2 feet. 

a. Stiff iron-bound gravel : stones not large, generally 
of shingly shape, many scratched; alternating with 
clayey sand. The whole full of broken shells, of 
which the following were alone recognisable : — 4 feet. 

Cyprina Islandica, 
MytUtLS edvlis, 
Astarte compresga, Mont. 
LUtorina litorecu 
Trophon^ Sp. 

This deposit has a sort of dip or cross-bedding inclined towards 
the Loch. From the fact that the shells of the Till are all 
present in this deposit, and are also in better preservation, it is 
possible that those in the Till were derived from the stratified 
beds, and not vice versd. It is possible, in short, that we have 
here a fragment of the Aiarine bed that supplied the shell- 
boulders to the Till, the scratched stones accompanying the 
shells having been washed from an older boulder clay. In 
that case its deposition would imply a depression of 65 feet with 
reference to the present sea level. I could, however, see no 
direct evidence on this point from superposition. 

I have been careful to give the heights of the various expo- 
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sures. At all events, it is useful knowledge. But, on the 
assumption that the shelly Till is a product of land ice, the 
mere altitude at which the shells are found proves nothing as 
to depression of the land, but only gives a minimum thickness 
for the glacier whose moraine profonde it is supposed to be. The 
presence of the shells in the Till proves, however, that when . 
they lived the land was at or below its present level, as a very 
slight elevation of the land would have made the Qord a fresh- 
water lake. 

In its passage over the bed of a fjord, such as interglacial 
Loch Lomond, a glacier would sweep up dead shells, whether 
lying loose on the bottom or buried in clay or gravel beds. 
These, and many rolled water-worn pebbles, would be mixed up 
with striated stones and other materials of the moraine profortde. 
No Till that I know of is entirely free from rounded water- 
worn pebbles, and the shelly Till contains no more of these than 
are to be accounted for by its passage over an arm of the sea, 
and across the strike of the quartz conglomerates that go to 
form a great portion of the lower islands and shores of the lake. 
During the construction of the Forth and Clyde Railway, 
some beds were discovered at Croftamie (Drymen Station),*- 
which have an important bearing on our present inquiry. The 
locality is a few yards east of the stone bridge on the road from 
Catter Mill to Kilmaronock Parish Church. 

The section in the railway cutting was as follows, the height 
of the surface being 121 feet above the sea: — 

'' Stiff Till containing a large quantity of stones, some 
of a round form, apparently water-worn, others 
angular, and many of them of great size.*' 12 feet. 

Blue clay, containing " a small round stone," and near 
its base, which rests on broken sandstone, a 
fragment of a deer's horn, 11-^ inches in length, 
and the following shells : — 7 feet. 

Cyprina hlandka, 
Aatarte compreswi, 
Fustta aniiquus. 
LiUorina lUorca, 
Baktntts, 
* ''Memorandum of shells and a deer*s horn found in cutting of the Forth 
and Clyde Junction Railway, Dmnbartonshire." By James Macfarlane, 
W.S., communicated by John Alex. Smith, M.D.— Proc JRoy, Phys, Soc.^ 
Edifk, Vol I. pp. 163 (26th March, 1856) and 247. See aUo Geikie, Trans. 
OeoL 8oc, Glasgow, Vol L, Pt. 2, p. 70. 
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Professor Owen described the antler as being that of " a young 
or female reindeer of the existing species; and if, as is most 
probable, a female, of the large yariety called * Carabou ' bv the 
Hudson's Bay trappers." 

The railway cutting at this point is only 220 yards to the 
north of the bluff of Till with a few shell fragments already 
described as occurring in Catter Bum. At the present day, 
the " facing " of the cutting obscures the geology, but the Till 
may be seen here and there at the top of the section, and the 
rock at the bottom. In one place (west of the bridge) a lamin- 
ated clay is seen resting on the rock. The Till of the cutting, 
as far as one could judge from digging with a hammer, exactly 
corresponds with the Till of Catter Burn close at hand; and I 
have no doubt whatever that it is the same deposit. The shells, 
as already mentioned, are very scarce in the Catter Bum Till, 
and I do not wonder that in the neighbouring Till of the railway 
cutting they should have escaped observation. Indeed, I should 
have been much surprised if they had been discovered except by 
a person who came to look for them, convinced that they were 
to be found. I confess that I had mapped the Catter Bum Till 
as an ordinary till, nothing unusual having been observed in it, 
until on finding shell fragments elsewhere I came back to look 
for them there. 

Unfortunately the section on the bum is tumbled and confiised 
at this point by debris; but from what is to be seen, I infer 
that the shelly Till occupies the whole bank from the top to the 
rock, near the level of the stream. Fig. 2 is a section on a true 
scale from Catter Burn to the railway. 

We have here additional evidence of an interglacial period 
before the great depression, when the sea resumed its sway over 
the Loch Lomond fjord and the reindeer browsed on its shores. 
The depression at this time amounted to a minimum of 108 feet 
(120-12). Afterwards — still before the great submergence — the 
glacier again filled up the valley, and mounted the rising ground 
between the Lower Endrick and the Leven to a height of at 
least 320 feet. 

The chief reason for dating the shelly Till before the great 
submergence has not yet been touched on. It is found in the 
direct infraposition of that deposit to a series of sand, gravel, and 
clay beds so thick, and rising to such a height, that no other 
submergence of which we have any proof is sufficient to account 
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for it. On the bank of the River Endrick, near the Park of 
Drumquhassle, the shelly Till is succeeded hj a considerable 
thickness of mud, finely laminated clay, sand, and gravel. The 
section has been rendered rather indistinct by landslips, but the 
superposition of the stratified* bed on the Till is unquestionable. 
Mounting the bank at this point, the stratified beds can be 
traced north-eastward along the railway nearly to Balfron 
Station; northward they can be traced beyond Drymen; east- 
ward (in a fragmentary and denuded condition) to near Killeam; 
and southward to Craighat on the Stockiemuir Koad. It thus 
covers, either continuously or in detached fragments, an area 
which I estimate at about five square miles. Its junction with 
the shelly Till, on the bank of the Endrick, stands about 35 feet 
above the sea, and the deposit rises near Caimlee to 262 feet, it 
being continuous between these two localities. I have only seen 
the shelly Till underlying it at the railway bridge spanning the 
Endrick ; but the railway cuttings and several streams, which 
make deep sections of the superficial deposits, expose an under- 
lying till which is, so £Bir as I have seen, without shells. Among 
these streams are Drumbeg Bum, east of Drymen, the AUt 
Quhar, the Endrick, near Gartness Com Mill, and the Oamock 
and Dualt (Dhu Allt) Bums. According to the theory of the 
origin of the shelly Till above presented, I should consider it 
possible, though not very probable, that in the two last localities 
that deposit should be present. In the other cases I should 
think it hardly possible. 

It will be obvious that a stratified deposit of the extent and at 
the altitudes of the one above referred to, is of great importance 
and deserves close investigation. I cannot, however, in the mean- 
time, do m(»re than refer to some of its most salient features. 
To a geologist who could have been on the spot while the exca- 
vations for the railway were going on, much information, now 
lost, would doubtless have been accessible. 

Grenerally speaking, the stratified sands, clays, &c., form 
soft, undulating, round-backed hills, very much resembling the 
" drums," which form a characteristic feature of the Till in some 
parts of the country. The dnun in the case of the Till, however, 
I believe, with the majority of geologists, to be the shape in 
which the deposit was made; while in the sand and clay " drums" 
the manner in which the stratified beds are cut off" by the slopes 
of the surface proves that their shape is due to denudation. (It 

B 
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must be remembered that I am not describing kaims.) Occa- 
sionally, as at the Dunmore Tilework, near Gartness, the surfieuse 
is flat, a circumstance due, I believe, to the fact that the denud- 
ing forces — probably subaerial — found it easier to remove a sand 
bed from the top of a clay bed, than to excavate the clay bed 
itself. The stratified beds generally, as seen in the railway and 
stream cuttings, are approximately horizontal, those of sand 
and gravel being frequently cross-bedded and abruptly cut off, 
as if denuded by streams or currents. The sand is sometimes a 
remarkably fine, white, soft dust, like flour. Perhaps, however, 
the most remarkable portions of the beds now exposed are those 
to be seen in the railway cutting near Gartness Station, where 
''ballaat" is being dug. Here is seen a thickness of about 15 feet 
of sand, with cross-bedded patches and nests of gravel and clay, 
having near the top (covered in one place by 2 feet of stratified 
clay) a bed of stiff clay full of stones, some of them water-worn, 
the greater proportion blunted, like the stones of a till, and a few 
striated. The stony clay probably indicates the agency of ice 
— ^possibly floating ice — during the submergence period; but I do 
not care at present to hazard any more definite suggestion 
regarding it. At Drumquham Tile works, 8 to 12 feet of fine 
laminated clay overlie a bed of sand and gravel, which is iron- 
bound at top, 18 feet deep at least. I was informed that shells 
are sometimes got in the sand, but the manager of the works 
had seen none. 

On the north side of the road above the railway, between 
Gartness Station and the Allt Quhar viaduct, the gravel has 
yielded shells. These were found in a fragmentary condition, 
and much rolled and water-worn. The following shells were 
recognised by Mr. Etheridge : — 

Balanus, Sp. (fragment). 

Anomial 

Pecten Idandkua f 

Cyprina lalawUca* 

MytUusf (fragment). 

Astarte compressa, Mont. 

A» sulccUa, Da Coeta. 

LiUorina Utoreot^ 

Trophon dcUhrcUum, liinn*=Fu9us tiocdariforme, Gould. 

(A worn specimen.) 
Bucdnum (fragment). 

Mr. Thomas F. Jamieson, F.G.S., in his well-known paper 
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" On the History of the Last Greological Changes in Scotland,"* 
describes shortly the stratified beds above referred to, and gives 
the following list of shells obtained, in 1864:, from a point on the 
railway cutting about 120 feet above the sea-level : — 



Sfecos. 



n 



Anomya ephipinum^ linn. 
Astaarte compresaOf Mont. 
A . gukata. Da Costa, var. ElUpika,BToyfn, 
Bcuxinum undcUum, Linn. 
Cardium ec/UncUurrL Linn. 
Cpprina Islandica, Linn. 
LiUorina lUorea^ Linn. 
L. sqtuUidcu, Brod. and Sow. 
Mya trunccUa, Linn. 
NoHca ajffims, Gmelin = jV. ctou«i,Brod. \ 
and Sow. j* 

Peden Idandicus, Mttller. 
Tectum wrginea, Muller. 
Trophon dathratus, Linn. 
T. trunaUua^ Strom. 



X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 



Percent 

British, 71-4 

Southern, 50^ 

Arctic, lOCO 

N.E. American, .... 92*8 

N. Pacific , 14-2t 

The Rev. H. W. Crosskey, F.G.S., also made a list of the sheila 
from this locality, which has, however, not yet been published. 

In a gravel pit at Wester Gateside, near Drymen, on the road 
to Gartness, I found, at the height of 210 feet, rolled fragments 
of the following shells : — 

♦ Quart Jowm, OeoL Soc, Land, Vol. XXL (1865), p. 16L See especially 
-p. 172, and Appendix, No. 4. 

t Since the above was written, I learn that Mr. Jamieson also saw in 1864, 
*' near the Endrick Water, at the railway bridge, fragments of shells im- 
bedded in hard stony mud, and also in a silty clay containing small stones, 
some of which were glacially striated." This, Mr. Jamieson thinks, was on 
the south side of the Balloch Railway, between Gartness and Drymen. 
(Letter from Mr. Jamieson to Mr. D. Bell, 16th July, 1874.) The section of 
Till with shells underlying clay and sand beds referred to in the text, ia 
on the north side of the Endrick Railway bridge. 
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Antarte ndcata, Dft Costa. 
Cyprima iHlandica, 
Nttcula^ 8p. 

The stratified drifts above described probably date from a 
period subsequent to the deposition of certain kaims which 
occur to the north of the Drymen and Stirling Road, at a higher 
level, and when the cold which strewed the surfaces of these and 
other kaims with travelled blocks, dropped from floating ice, 
had much abated. The shells probably lived during the re-eleva- 
tion of the land. 

It may be remarked, that when the gravel was deposited at 
the height of 262 feet, a narrow strait at the low water-shed of 
the Bog of Ballat, near Balfron Station, must have connected 
the basin of the Clyde with that of the Forth. 

To the retreat of the ice-sheet which produced the shelly Till, 
aro probably to be referred some at least of the moraines which 
extend up the Falloch from the head of Loch Lomond to the very 
watershed, dividing the Falloch from the more important valley 
of the Fillan. The watershed is little over 600 feet above the 
sea, and is less than 100 feet above the alluvial flat at Crianlarich 
Inn, Strathfillan. The latter valley, it will be seen from the 
Ordnance map, makes a curve below Crianlarich Inn, nearly at 
right angles to its former course, and thereafter receives the 
name of Glendochart. Whenever a thick glacier came down 
Strathfillan into the narrower Glendochart, and abutted against 
the steep slope of Stob-Coire-Bhuide, it must have found farther 
progress in undiminished volume down the glen very difficult, and 
an arm would certainly escape down the Falloch. To the last 
such glacier I ascribe the moraine pro/ande, referred to above as 
the shelly Till, and to its retreat the moraine mounds resting on 
the watershed. Had these watershed moraines been deposited 
in its retreat by any prior glacier, they could not have failed to 
be at least flattened, if not swept away, by the glacier which left 
the shelly Till behind it. My reason for believing that the 
shelly Till was produced by a glacier which had its gathering 
ground partly in the region drained by the Fillan, is that a 
glacier nourished solely in the Loch Lomond valley could not 
have climbed the rising ground between the Leven and the 
Endrick to the height (320 feet) to which the shells have been 
traced, but would have made its way down the Leven valley ; 
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and moreover it could not have lefb its moraines on the water- 
shed. That the Till in question was produced prior to the great 
submeTgence, is proved hj the superposition of deposits of that 
age. 

I do not wish to be understood to indicate a doubt that a 
glacier occupied Glen Falloch during the period of local glaciers 
which followed the re-elevation of the land, or that the moraines 
of the lower part of the valley maj have been deposited by 
such a glacier. 

So fSeir back as 1822, Mr. J. Adamson described* several 
accumulations of shells on the margin of Loch Lomond. The 
first of these was a calcareous '' tuff" or stalagmite in cavities 
and joints of the Silurian limestone at Arrochymore Point. 
MytUuB edfdis is the only shell he names from this locality, 
which stands 8 or 10 feet above the laka I lately saw a piece 
of this 'Huff'' in the hands of Mr. A. Macfarlane, Balmaha. 
The shell named by Mr. Adamson was the only one wliich 
I could recognise, although there were several others. In 
other two localities, one, on Inch Lonaig, opposite Luss, and 
the other' ''on the lands of H. M'D. Buchanan, Esq., near 
the south-east angle of the Loch,'' the shells occurred between 
the highest and lowest levels of the water in a bed of brown 
clay, under a covering of coarse gravel. The list he gives is 
as follows : — 



Mr. Adamson*8 List. 



S^pecles to which AdamBon's may be referred. 



ECHINODERMATA 
Echinus aadentus, i 



CRUSTACEA. 



Balamu communis. 



B, ruffosus. 



Forbes considered this to be identical 
with Lepcu balanvs, Linn. {Mem. GeoL 
Surrey, Vol. I., p. 430) ; which is re- 
garded by Darwin as a synonym of 
BcUanus porccUuH^ Da Costa, of the 
Mammalian and Red Cvam and glacial 
deposits of Scotland, Uddevalla, and 
Canada. 

B. crenatus, Brnguiere. 



* " Notice of Marine Deposits on the margin of Loch Lomond. "->if em. Wem. 
Soc., Vol IV. p. 334 (14th Dec, 1822). 
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Mr. Adamson'B Llat. 


Species to which AdMnson's may he referred. 


LAMELLIBRANCHIATA. 


Anomya epMppium^ young ot 




Fecten obaoUtus, 


Probably P. Ugrimu, Mtiller. 


Calcium eduU? 




Nucula ro^trata, youi^g of. 


If thia be N, rostrata, Macgillivray, it is 
considered by Jeffreys to be only the 






compressed form of Leda minuta, 
MUller, a living British form {BrU, 






ConcJi.', Vol. II., p. 158), and found in 




many upper tertiary deposits. 


TeUma tenuis. 


\ 


Venus lalandicti. 


Cyprina Islandirou 


V,sbnahda. 


Probably V, GalUnaj linn., both a Brit- 




ish liTing and glacial form. 


GASTEROPODA. 


Bucdnum rtikulatum. \ Natka reticulate^ Linn. 


Nerita glauema, 1 Probably jYoiica catena, Da Costa. 



Mr. David Eobertson, F.G.S., who has already rendered im- 
portant services to this department of geologj, is now engaged 
in investigating these beds ; and I am content to wait for his 
results before saving more than that the Loch Lomond deposits 
are evidently of a much later date than the shelly gravels at 
Gateside and Gartness. 

Mr. Robertson has given an account of some fossiliferous clay 
beds on the edge of the lake at Ross Arden, opposite Inch Tavan- 
nach.* He describes them as " the common mussel, the common 
whelk, and I may say the common Riaaoa ulva" together with a 
species of foraminifer. The shell bed, Mr. Robertson writes, is 
" covered by a soft vegetable mould about 20 inches thick, being 
itself fully that thickness, and resting on what seemed to be 
vegetable mould. It was seen, I understand, at or near the level 
of the water, and is said to extend 30 to 40 feet into the Loch. It 
is evidently a very recent deposit of estuary shells, probably dating 
from a time immediately prior to the last elevation of the land." 

Mr. James Bennie informs me that shells have also been 
found in a fine brick clay in the bed of a streamlet some little 
distance from Balmaha. They were mostly Cyprince, and in 
fragments, but their state of preservation was good, the epidermis 
still retaining its place and its natural colour. 

" ** On the Clay beds of Sobs Arden on the banks of Loch Lomond *' {June^ 
1864).~'Proc. Nat. Hist Soc,, Glasgow, Vol. L, p. 92. 
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Several cases of shelly Tills in maritime districts have been 
noted by various observers. A glance at these will suffice to 
shew how much they have in common with the Till of the 
Endrick Valley. 

The well known Till of Caithness, which has yielded many 
shells to the labours of Messrs. C. W, Peach, Cleghom, Dick, 
Smith, and Jamieson, bears evidence of having come from the 
south-west, and consequently across the Moray Firth. The 
strifiB point fi*om south-west to north-east, and some of the 
included stones could only have come from the region between 
Elgin and Peterhead. 

Mr. John Carrick Moore, so long ago as 1850, announced * 
that shell fragments had been found by him in the till of the 
western part of Wigtownshire. Mr. R. D. Irvine, in carrying on 
the Geological Survey, has recently detected a similar till at 
different points in the same locality,t and has added considerably 
to the list of fossils. The strise proved that the ice-sheet came 
from north to south, up Loch Kyan, to the Mull of Logan. 

A till containing fragments of Cyprina Islanddca occurs in the 
County of Durham. { The strise are sometimes from the north 
and north-east, and sometimes east and west (probably from west 
to east). Those from the north-east prove that the ice-sheet 
crossed a part of the bed of the North Sea, the ice from the 
north of England and south of Scotland having been doubled 
back on the coast by the resistance of the Scandinavian ice-sheet. 

In West Lancashire, the " lower boulder clay " of Blackpool 
has yielded shells. Mr. De Ranee, who describes the depoBit,§ 
regards it as of marine origin; but it is easy, from his descrip- 
tion, to identify it with the lower till of Scotland. The stri® 
of North Lancashire run from north to south, the lake district 
having sent off an ice-sheet which would be compelled by the 
pressure of Scotch and Irish ice to hug the coast. 

• •• Notice of the occurrence of Marine Sheila in the TUL^'—Quart, Jaurru 
GeoL Soc, Vol VI., p. 388. 

t Menunra of the Geological Survey of Scotland. Explanation of Sheet I. 
(1872), Sect. 12; and Explanation of Sheet III. (1873), Appendix. 

t " On the Glaciation of the Counties of Durham and neighbourhood. By 
R. HoTfte "—Proceedings of the North of England Inst, of Mining Engineers, 
May, 1864. 

§ "On the Glacial Phenomena of West Lancashire and Cheshire." By C. E. 
De Ranee, F.G.S. of the Geological Survey of England and Wales (22ud June^ 
lS10).'-QuarL Joum. Qed. Soc, VoL XXVL, p. 64L 
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Mr. Mackintosh* found a similar shelly till at Dawpool in 
Cheshire — a locality to which the same remarks apply. 

Commenting on the Lancashire and similar shelly tills, Mr. 
R. H. Tiddeman,f who gives a sketch-map shewing strise 
parallel to the coast-line, makes the following remarks : — 

" It is a point insisted on by some geologists that wherever 
either rolled stones or marine shells are found in the boulder 
clay, it must be of marine origin. I do not think that either of 
these characters is infallible. Mr. Croll has shewn that the 
Caithness Till, which contains shells, need not necessarily be 
marine, but may have been formed by the ice-sheet working 
over a previous sea-bed, and pushing the shells on to the land. 
In this way shells scratched and broken may be found at very 
much higher levels than the sea in which they lived and died. 
They are there as much boulders as the scratched stones along- 
side of them, and are no more evidence of the drift in which they 
lie having been formed under the sea than Spirifers and Producti 
found in limestone river gravel would be proof of its being 
marine. In very ihany places the ice-sheet must have passed 
over what had previously been the sea-bed, and if its course took 
it thence inland, we should be surprised not to find sea-shells 
mixed with the drift formed by it. Nor can rolled stones be 
considered a better test, for, under similar circumstances, they 
must be brought up from the old sea-bed on to the land." I 
quite agree with these observations. 

It will be seen that the various beds which it is the immediate 
object of this communication to describe end with the great 
submergence. They may be summed up as follows — (the table 
should be read upwards, or in chronological order): — 

c. A great extent and thickness of stratified mud, clay, sand, 
and gravel, resting on the shelly Till (b) at the level of 35 feet 
above the sea, and reaching a height of 262 feet above the sea, 
containing, in the shape of beds of stiff clay with st mes, indica- 
tions of the presence of ice — perhaps floating ice — during part 
of the time. At three localities, 120, 160, and 210 feet respec- 
tively above the level of the sea, this deposit has yielded water- 

• " On a Sea-coast flection of Boulder Clay in Cheehire." By D. Mackintosh, 
P.G.S. (8th Mav, m2).-QuarL Jowtl OeoL Soc, Vol. XXVIIL p. 388L 

t ** On the evidence for the Ice-Sheet in North Lancashire and adjacent 
parts of Yorkshire and Westmoreland." By R. H. Tiddeman, M. A., F.G.S., 
of the Geological Survey of England and Wales (19th June, 1862), Quart. 
Jaum, Geol. 8oc., Vol. XXVIIL, p. 471. 
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worn marine shells of species almost all now Kving in the British 
seas. The deposit indicates, therefore, a climate little more 
severe than our own. It is referred, for reasons stated above, 
to the later stages of the great submergence period, when, after 
the deposition of kaims at higher levels, the land had risen so 
much as to be only about 260 feet below its present level. 

b, A Till containing broken shells, resting on the stratified 
bed (a). The Till is traceable by means of the shells to a height 
of 320 feet above the sea-level, and is believed to be the 
moraine prqfimde of a large glacier or ice-sheet, which, in crossing 
the south-east corner of the Loch Lomond Qord, mingled the 
remains of an interglacial or preglacial shell-bed or beds with 
stones and clay, and crushed and rubbed them exactly as it did 
the included boulders. It is referable to the later stages of the 
first period of the glacial epoch, prior to the great submergence 
of the land. 

a. A stratified clay (Crofbamie) containing marine shells and a 
reindeer^s horn. The shells indicate a climate not severe, though 
probably a little colder than the present climate of these latitudes. 
All the shells specifically distinguished are living in British seas. 
The land must have stood 109 feet lower than at present. — This 
deposit is interglacial, or preglacial — most probably interglacial. 
It underUes the sheUy Till (6). 



II. — On the Microscopical Structure of Red Quartz-For- 
PHTRY, from the Old Red Sandstone of Logan Water, above 
Lesmahagow. By Edward Hull, M.A., F.R.S., Director 
of the Geological Survey of Ireland. 

[ReaA llUi Deo., 1873.] 

Those who have followed the windings of the Nethan and Logan 
waters above Lesmahagow must have been struck by the beauty 
of the red porphyries which are interbedded with the Old Red 
Sandstone near its junction with the upper Silurian beds. This 
ground has been rendered classic for geologists through the 
labours of Mr. Robert Slimon, who has brought to light so 
many forms of extinct Crustacea, some of which are figured and 
described in Murchison's SUwria, 

Having some years ago made a pilgrimage to this shrine of the 
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great Fterygotus, I brought away with me a few specimens of 
the red porphyry above alluded to; and having recently sub- 
mitted a thin slice (prepared by Mr. J. B. Jordan of the Mining 
Eecord Office) to microscopic examination, I venture to offer the 
results to my old colleagues of the Geological Society of Glasgow, 
as some little token of my desire to maintain the friendly 
intercourse which has for some years existed between us. 

The section shews that the rock in question is an extremely 
interesting one of its class, as it contains a fair assemblage of 
minerals— for the most part, with the exception of the silica, well 
crjTstallised throughout. The rock itself would produce, if 
worked, a beautiful ornamental stone, and, I have no doubt, 
would polish well. Whether it is intrusive, or has been con- 
temporaneously bedded, I am at present uncertain.* There are, 
however, several beds at intervals amongst the Eed Sandstones 
and conglomerates of the district. 

General Compoaitum. — When the slice is viewed with the 
2-inch object glass (magnifying 25 diameters), it is seen to 
consist of a reddish-brown felsitic mottled paste, in which are 
imbedded rounded grains of silica, numerous felspar crystals, 
greenish crystals and flakes of mica, and large crystalline grains 
of magnetite. The rock is, therefore, a quartz-porphyry, with 
mica as an accessory; and though containing the three con- 
stituents of gi-anite, differs from a true granite, inasmuch as the 
paste consists of felspathic material instead of silica, which is the 
paste of all true granites. 

Felspar, — The slice with polarised light shews that the felspar 
is of two varieties or species — orthoclase and a triclinic felspar, 
which may be either oligoclase or albite, probably the former. 
The triclinic species predominates, and on rotating the lower 
prism shews the fine parallel lines and coloured bands which 
characterise the group of triclinic felspars. One example is 
remarkably well developed, and is shewn in fig. 2. 

The crystals of orthoclase are also well formed, and generally 
shew a banded structure parallel to the sides of the crystal, as 
shewn in figs. 1 and 3. These bands doubtless represent planes 
of growth, and are quite distinct from the parallel lines of 
the felspars belonging to the 5th system, which stretch from 
end to end of the prism. 

* SiDce the above was written, I have been informed by Mr. J. Geikie that 
the porphyry is intrusive.— K H. 
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Qticvrtz, — The quartz granules are round, or without crystcJ- 
line form. Some of them contain cavities which are perfectly 
formed spheres, as in fig. 4. ; others are oval ; but it is seldom 
that they are so perfectly developed — the colourless centre 
deepening into the dark purple walls through a series of 
delicately blending rings of colour. Such perfect spheres can 
only, I should think, have resulted from the presence of a gas 
enclosed in a gelatinous and homogeneous paste, and pressing 





outwards in all directions — a high temperature could produce 
the necessary elastic force ; and we may suppose the silica to 
have been in the state here indicated at the time the ceUs were 
formed. I therefore consider these spheres to be " gas cavities." 

Though examined with a magnifying power of 800 diametera, 
no good or undoubted case of a " fluid cavity" could be observed. 
The condition, therefore, under which the porphyry was formed 
must have been very different from those of true granites, the 
silica of which nearly always contains cells with fluid bubbles. 

Mica, — The mica is scattered in numerous flakes througliout 
the mass. It is of a pale greenish-yellow colour, much scarred. 
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and oontams black grains of magnetite. Several well-formed 
crystals also occur, one of these, a hexagon, being specially 
noticeable. In another instance a crystalline flake has been 
formed round an amorphous grain of silica, shewing that this 
latter mineral has been the first to consolidate. The quantity of 
magnetite which is to be observed in the mica is remarkable, and 
may be considered as representing the excess of iron above that 
which has entered into the composition of the mica itself. 

Magnetite, — Considering the species of rock, this mineral is 
remarkably abundant, occurring in large opaque grains through- 
out the other minerals, except siliq^, and, as already observed, 
specially in the mica. These grains are generally amorphous, 
but sometimes the angle of 90^ of the cube is discernible. They 
are very minute — ^the largest not being more than the 200th of 
an inch in diameter, generally much smaller. As they do not 
occur enclosed in the silica, they seem to have consolidated 
subsequently to this mineral, but previously to the other mine- 
rals — whether mica or felspar — in which they are to be found 
imbedded. 

Notwithstanding the large number of magnetite grains, the 
rock but very slightly affects the magnetic needle. 

From the foregoing statements it would appear that the 
minerals crystallised in the following order : — ^First, the silica, 
then the magnetite, then the mica, and lastly the felspars; while 
the felspathic paste in which they are enclosed must have long 
retained a plastic state of consistency. Vapour of water does 
not appear to have been present, otherwise the silica would have 
remained in a gelatinous condition for a longer period, as in the 
case of the granites. The absence of fluid bubbles in the cells 
of the silica corroborates this view, and is in harmony with the 
phenomena observable with regard to the relative rates of con- 
solidation of the component minerals. 

The specimen under consideration affords an excellent illustra- 
tion of the essential distinction between a quartz-porphyry and 
a granite, even when in the former all the constituents of granite 
are present. 
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111. ^The Post-Tertiary Fossiliferous Beds of Scotland. 
By Rev. H. W. Crosskey, F.G.S., and David Robertson, 
F.G.S. 

XX.—KYLES OF BUTE. 

The beds of clay which occur at many points in the Kyles of 
Bate constitute classic ground to the geologist, since among them 
the late Mr. J. Smith, of Jordanhill, first detected the existence 
of an Arctic £Eiuna, and practically established a glacial epoch. In 
a previous volume of the Transactions of the Geological Society 
of Glasgow, one of the authors of these pages has given an 
account of Mr. Smith's researches (Vol. II., p. 228), and claimed 
for them that high place in the history of geology to which he 
believes them to be justly entitled. In a paper read to the 
Wemerian Society, 26th Jan., 1839, Mr. Smith described an 
excursion to the Isle of Bute, in company with Mr. G. B. 
Sowerby, for the purpose of dredging. On the northern 
extremity of the shore he found several valves of the Pecten 
IslandicuSf and further search revealed them imbedded in a 
finely laminated clay, and associated with many other species of 
Mollusca not known as British, but living in northern latitudes. 
Mr. Smith proceeded to make as complete lists as possible, 
both of the Mollusca living in the Clyde and the fossils of the 
clay bed, and formed the opinion " that the indications of dimate 
which covM he gathered from the organic remains of these deposits 
pointed to a lower temperature than that of the present period." With 
great labour and skill he brought together evidence that the 
elevated marine beds of the district do not belong to one period, 
and divided the catalogue he first drew up into two parts — (1.) 
the older fossil shell bed, containing Arctic species; (2.) the 
younger, containing no species not found living in the present 



We have to acknowledge our own deep personal obligations to 
Mr. Smith, who, in his old age, went over with us the ground he 
had so thoroughly investigated, and placed fireely at our^ disposal 
the information he had accumulated through a long series of years. 

Tioh-na-bruaich. — Walking along the shore, and proceeding 
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from high-tide mark to low, the following series of beds is passed 
over : — 

(1.) Boulder clay, hard, compact, and unfossiliferons. It is red 
in colour, through the ferruginous character of the mica-schist, of 
which the included boulders largely consist, and which is the 
base rock on which it rests. 

(2.) Succeeding the boulder clay is a highly laminated clay, 
remarkable for the decisiveness and freedom of its laminations. 
This laminated clay is precisely the same as that which occupies 
the same position at Paisley and many other localities. It was 
formerly supposed to be destitute of life, but we have detected 
in it specimens of PolystomeUa striato-ptmctata. 

(3.) A shell bed follows the laminated clay, exceedingly rich in 
characteristic Arctic shells. 

The composition of the shell bed is clay and sand, mixed in 
varioiis proportions at different points; at times almost a pure 
sand and at times a pure clay being found with intermediate 
varieties. To the west of the pier, in the sand, we have found on 
digging an extensive bed of Pecten Islamdicus, the shells having 
both valves united, and being in their natural position. 

Saxicava {Pcmopcea) JVorvegica also occurs in a thick clay, not 
100 yards from this sand, of large size, standing upright as it 
lived. 

Mf/a trunccUa, var. UddevdUenaUj we have also collected at the 
same spot in situ in very large numbers; while Astarte sulcaia 
and Astarte compressa could be picked out from the clay with both 
valves united ; and very large valves of Astarte borecUia have also 
occurred. To some of the boulders imbedded in the clay large 
specimens of BcUanus porcahu were attached. 

It will be observed that the true order of these beds (as was 
first pointed out by the ilev. A. M'Bride, of North Bute) i 



1. Boulder clay, 

2. Laminated clay, 

3. Shell bed, 

being the reverse of the order in which they are passed over in 
walking from high to low-tide mark. The action of the sea has 
swept away the upper part of the beds, and since the denudation 
has been most complete where the waves have broken upon the 
shore, the lowest bed is the most thoroughly laid bare about 
high-tide mark. 
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This order is inyariable through the whole length of the Kyles, 
although one or other of the beds is occasionally wanting. 

The shell bed was also exposed in the little stream near the 
hotel when the foundations of the bridge were dug. 

The consistency of the beds being unequal, and their exposure 
to the denuding agency of the sea being also unequal, they stand 
at different heights, according to loca] circumstances. Fossils 
might appear to an inexperienced observer to be in the boulder 
clay, when they really occur at points where the fossiliferous bed 
is in immediate contact with it, the laminated clay being absent. 

At very many points we have dug through the shell clay to 
the laminated clay, and through the laminated clay to the boulder 
clay, and at no point in the Kyles have we found shells in the 
boulder clay itself. 

On the Bute shore, immediately opposite Tigh-na-bruaich, the 
same beds occur wherever any jutting point has saved them from 
denudation. At some points the Mya bed runs under the turf, 
and is above high-tide mark, while the boulder clay is exposed 
below it — ^the shell bed having been protected more perfectly 
than on the opposite side of the water. We have found Saxicava 
(Pcmopcea) Norvegiaa of very large size in situ in this locality. 
Any lump of clay dug out will yield many specimens of Tdlina 
{proseima) calcarea.* 

Balnakaile Bat. — ^In this bay, which is almost opposite to 
Colintraive pier, the glacial beds have been well preserved. They 
may be seen in the bed of a small fresh-water stream which dis- 
charges itself into the sea in the middle of the bay. Digging in 
the sides of this stream we have found Saxiccwa {PcmopoBo) 
J^orvegica in its upright position, with other characteristic Arctic 
shells, evidently in situ. 

On the left of the stream the shell bed may be seen extending 
under sands and gravels, which rise to the height of twenty to 
thirty feet. We have traced the shell bed also about a quarter 
of a mile inland in the wood on the lefb bank of the stream. The 
nature of the matrix in which the shells are imbedded varies 
from a loose sand to a tenacious clay. 

Following the Rothesay road, in a slight bend of the Kyles 
opposite the farm-house, the shell bed has been found in great 

* It is necessary to state tbat recent storms have swept away many of the 
bedti in the localities scattered through the Kyles of Bate to which we have 
referred. 
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perfection. It is now almoet washed away, but when we first 
visited it the shells were most abundant. Wherever a boulder 
protected the clay the larger Arctic shells were to be seen in situ. 
We have taken from this bed large numbers of Pecten Idandicus, 
with BalanuB porcaiu$ attached to their upper valves, and we 
have seen Balanus pareattis adhering to large boulders on the 
shore. In these beds, also, we have found Bcdanus cariosus 
(Darwin), the only specimen of this Balanus at present discovered 
in the fossiliferous clays, and Jfodiolaria nigra. The Scudcava 
(Panopoea) Narvegica we have dug out with both valves united. 

The shell beds extend from high-tide mark towards the sea, 
and great care must be taken entirely to remove the sands and 
gravels containing recent species before beginning to collect speci- 
mens at alL Collections made from the mere sur£eu3e debris are 
geologically worthless, since they will be found to contain arctic, 
raised beach, and recent species intermixed in inextricable con- 
fusion. The same order of succession may be observed here as in 
other parts of the Kyles, viz. : — (1.) Boulder clay ; (2.) Laminated 
clay; (3.) Shell bed. 

Following the Loch Ridden road, on the Colintraive side of the 
Kyles, in a small bay about a quarter of a mile from the pier a 
shell bed is exposed at low tide, which has been confounded with 
the trtie glacial day. In this bed Pecten maximus and Ostrea edulis 
are found of enormous size, associated with Aporrhais pes-pdicanij 
Lutraria ellipUcaf Psammobia ferroensis, Lucinopsis undata, and 
other shells now living in neighbouring waters. The shells from 
this bed have frequently been included in lists of glacial shells, 
bat careful examination shews that it rests upon the true glacial 
shell-bearing clay. We have traced the clay containing TeUina 
calcarea (proonma) and other Arctic shells to the point at which 
this Pecten maximits clay rests upon it, and have observed the suc- 
cession which the following diagram illustrates. 




1. Boulder day. 

2. Laminated clay. 

3. Arctic shell clay. 

4. Pecten maximuti sand and clay. 
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It is evident that at the point a great care must be taken not to 
confuse the contents of beds 3 and 4. 

We have observed the same Pecten maximua bed cropping out 
in various districts — e, g., at dead low-water near Tigh-na-bruaich, 
at Kilchattan Bay, and at Fairlie, and on the banks of the Irvine, 
about a miJe from the sea. 

Etteick Bay. — This bay, on the Bute shore, near the westerly 
entrance to the Kyles, is so completely covered with sand as to 
obscure any discrimination of separate beds, but is deserving of 
mention as the locality in which Aatarte borealis may be found in 
the greatest abundance. Many single valves of this shell may be 
picked up on the sands washed out from the clays they cover. 



CONCHIFERA. 



AnoTnia epMppium, Linn. 

var. ctcideata. 

Pecten Islandicus, MuIIer. 



MytUu8 modiolus^ Linn. 

edulis, Linn. 

Modiolaria nigra^ Gray. 
Leda pemrda, MUller. 

pygmoBo, Mtiller. 

Axinusjlexiwnu, Mont. 

var. OouldU. 

Cardium fasciaium, Mont. 
Cuprina hlandica, Linn. 
Astarie sulcata. Da Costa. 

compream, Mont. 

borealisi Chemn. 

Tdlina calcai'ea, Chemnitz. 
Scrobicidaria prismatiech Mont. 
Mua truncatct, Linn. 

var. UddevaUeuM. 

Saxkava rugoaa, linn. 

— var. Arctica, Linn. 

»- Norvegica, Spengler. 



Common. 

Common; valves united, and JBalani 
attached to specimens with united 
valves. 

Common. 

Not so common as M, modiolus. 

One large valve. 

Common. 

Common. 

Conunon. 

Moderately common. 
Common. 
Common. 
Common. 

Moderately common. 
Common and large. 
Rare. 
Common. 
Common. 
Common. 

Common ; large in size. 
Bather rare ; found with their valves 
together. 



Chiton plates. 
Tedura virgmea, Mtiller. 
Troehus tumidus, Mont. 
Lacuna divaricata, Fabr. 
LiUorina lUoreay Linn. 
obtusata, Linn. 



GASTEROPODA. 

Much eroded. 

Rare. 

Moderately common. 
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Riuoa strieUOf Adjuns. 

parea var. interrupta, Mont 

SkeruM planorbU, Fabr. 
0dU»8tmrua spiralis, Mont. 

uiulenUiVoL, Mont. 

Natica ajfinis, GemeL 
Trichotropis borecUis, Brod^ 
Bticcinum undaium. Lion. 
Traphon clathrcUus, Linn. 
'^— v»r. Ounnerij Soven. 

Iruncatus, Strom. 

Ftuu8 antiquuSf Linn. 
Pleurotoma pyramidalis, Strom. 
turricula^ Mont. 



Moderately common. 
Bather rare. 
Bare. 
Bare. 

Modovtely rare. 
Common. 

Moderately oommoo. 
Common. 



Cf/lichna alba, BrowD. 
Utricultu obtusuSt Mont. 

Cy there pelluddOf Bain. 

viridis Miiller. 

httecu, Miiller. 

limicola, Norman. 

•^—^ pulchella, Brady. 

- villosa^ G. 0. Sara. 

- concinna, Jones. 

angulata, G. 0. Sars. 

tiiberculaia, G. 0. Sars. 

Dunelmentfis, Norman. 

Cytheridea papUlosa, Bosquet 

puncluUata, Brady. 

Evq/there aryus, G. O. Sars. 
Loxoeonclia iainarindus^ Jones. 

fraf/ilis, G. O. Sars. 

Cylherura nigrescens, Baird. 

stmiliSf G. O. Sara. 

undata, G. 0. Sars. 

striata, G. 0. Sars. 

Saraii, Brady. 

JlavescenSt Brady. 

Cylheropteron kUisaimOy Norman. 

nodosum^ Brady. 

anffulatum, Brady and 

Robertson, Bare. 

SclerochiltLs contortus, Norman. Moderately common 

Paradoxostoma variabile, Baird. Bather rare. 

ensiforme, Brady. Bare. 

CIBBIPEDIA. 
BalanuB porcatus, Da Costa. Abundant 



Common. 
Moderately rare. 
Large, moderately common. 
Moderately rare. 
Moderately rare. 
OSTBACODA. 

Moderately common. 

Moderately common. 

Bather rare. 

Moderately common. 

Bare. 

Common. 

Very common, and in tine condition. 

Common, and strongly marked. 

Common. 

Moderately conunon. 

Common, large, and very fine. 

Moderately common. 

Moderately common. 

Bare. 

Bare. 

Common. 

Moderately conmion. 

Common, and in good condition. 

Common. 

Bather rare. 

Bare. 

Common. 

Bather rare. 



'Crenatus^ Brug. 
- Ilamerit Ascarrius. 
' cario9U8, Darwin. 



Verrvca Strimiay Miill. 



One specimen. This species is new 

to the Clyde glacial beds. 
Bare. 
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ECHINODERMATA. 
Bchinua drobaehiennsj Mtiller Abundant. 

Starfiflh, diakf and ray plates. Common. 

HOLOTHUROIDEA. 
Internal plates occur in the clay at Balnakaile Bay. 

FORAMINIFERA. 

BUoculina depressa^ D*Orb. Moderately common. 

TrilocuUna oblonga^ Montagu. Rare. 

Quinqudocidina neminulum, Linn. Common. 

' aggltUinatUf D'Orh. Rather rare. 

Lagena IcBvia, Montagu. Rather rare. 

snlcatoj W. & J., Rather rare. 

«/riato, Montagu. Rather rare. 

semtstriatoj Will. Moderately common. 

var. apiculcUcu Common. 



- distCTnoj Parker & Jones. Moderately common. 
-equamosoj Montagu. Rare. 



- globasa, Montagu. Rather rare. 

DenUUina communis, D*Orb. Rare. 

CristeUaria rotulata, Lanik. Rare. 

Polymorphina lactea, W. &. J. Common. 

flriWa, D'Orb. Rare. 

chlonga, Brown. Rather rare. 

Uvigerifia pj/gmcea, D'Orb. Rather rare. 

BtUimina marginata, D'Orb. Rare. 

RotaUa Beccarii, Linn. Rare. 
Polystomella striato-punctata, F. & M. Moderately common. 

Arctica, Parker & Jones. Rare. 

Nonionina depressula, W. & J. Moderately common. 

- asterizaruj F. & M. Moderately common. 



- turgida^ Will. Rare. 



A large number of species of MoUusca have been previously 
catalogued as occurring in the glacial clays of the Kyles of 
Bute, and we have ourselves collected many we have not 
enumerated. The beds have however been so washed by the 
sea, that it is almost impossible to discriminate not only between 
recent and fossil specimens, but between specimens belonging to 
the glacial clays and those belonging to the shell bed which rests 
upon it, and which must be referred to the period of the latest 
raised beach, and exhibits no Arctic conditions. We have thought 
it right therefore to circumscribe our list ; and not to enumerate 
all the specimens we have found, but only those collected in 
positions about which there could be no doubt. 
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rV.— On the Firot Appearance of Certain Fossils in the Car- 
boniferous Strata around Beith and Dalrt. By 
Robert Craig, Langside, Beith, Carreapanding Member. 

CRMd 12th Maxtih, 1874.] 

Haying for a considerable period investigated the mode of 
occurrence and distribution of the fossils found in the carboni- 
ferous strata in the Beith and Dairy districts, I have thought 
that a few remarks upon the subject may not be without interest 
to the Society. It is not, however, so much the purport of this 
paper to give an exhaustive list of the organic remains found in 
the above districts, as to point out the beds in which the more 
common species make their first appearance, so far as has been 
observed. The better to understand this, it will be necessary 
to give a short description of the strata, while noting the prin- 
cipal fossils found in each bed. 

1. The Carboniferous group of strata in the district average 
about 150 fathoms in total thickness, their base resting upon an 
accumulation of ash beds. This ash has been bored into for 
about 80 fekthoms without finding its base, and it consists of red 
and green ash, more or less indurated, with intervening beds of 
doleritic greenstone. The first appearance of organic remains in 
the district occurs in this ash, a few fathoms below its upper 
surface, in the shape of carbonaceous impressions, but too much 
decayed for correct identification. These, as found at Tandlehill, 
Beith, in a railway cutting, were associated with thin layers of 
sedimentary deposits intercalated in the ash. A clay ash of un- 
even thickness completes the series, upon which lies a thin layer 
of coal, 4 inches thick, overlaid by a clay shale, 2 feet in thick- 
ness, very full of plant remains in a crushed and bad state of 
preservation — a species of Calami^ and fragments of Stigmaria 
have, however, been identified. Upon this rests a bed of coal, 
1 foot 4 inches thick, containing fragments of Stigmaria and 
SigiUa/ria converted into the sulphuret of iron. 

2. Resting upon the coal is an argillaceous shale, the first bed, 
yet detected in the district, that contains the remains of a marine 
fietuna. It ia very fossiliferous, being almost built up of crushed 
shells, and has furnished about 50 per cent, of the genera, and 
one-third of the species found in the group of beds overlying it 
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in the district. Of these there are 7 genera and 15 species of 
Brachiopoda, which are as follows, viz. : — 



Crania quadrcUa, M*Go7. 

Diseina nitida, PhiL 

Lingula mytUoides, Sow. 

Orthis Michelini, L^veUl^. 
„ rempinata, Martin. 

Producius longispintu. Sow. 
„ semireticulatus. Mart 
„ var. Martini, Sow. 



Produetiu Bpmuloatu, Sow. 

„ BcabrieuluSt Martin. 

„ puncUUfu, Martin. 

„ Jimbriatus, Sow. 
Spir^era Uneata, Martin. 

„ hisuloata. Sow. 
Streptorhynchua crenistrict, PhiL 



Of the Lakellibraitchs there are 12 genera and 26 species, 
viz.: — 



Avieula Uevigataf M^Goy. 

„ Sp. ? 

„ Sp, ? 

„ Sp. ? 
Aviculopecten granonu. Sow. 



MONOMTARIA. 

Aviculopecten aemidrcularis, M'Coy. 

„ ccbIcUus, M'Coy. 

„ SowerbOj M'Coy. 

„ Knockonnen8i$,'hl*Coj, 
Pinna flabeUifarmis, Martin. 



DiMTARIA. 



Axioms axinifomus, Phil. 
„ carbonariua, Porti. 
Cypricardia aciUiearinata, Arms. 
EdmottdiarudiSf M'Coy. 

„ uniomformis, Phil. 

„ ohlonga, M*Coy. 

„ scalaris, M'Coy. 

,, Egertoniy M*Coy. 



Leda aUenuata, Flem. 
„ oblongOj M'Coy. 
Modiola elongata, PhiL 
Myadtes sulcata, Flem. 

„ % ? 
Jlfya^ina craMO, Flem. 
SanffutTioliies pUcatus, Porti. 

,, «u6car»na^tw, M'Coy. 



Of Gasteropoda there have been found 8 genera and 15 species, 
viz. : — 



JBuomphcUus radians, De Eon. 
Sp. ? 
Sp. ? 
Loxonema Lefebvrei, L^veill^. 
„ stUcatula, M'Coy. 
Sp. ? 
Macrocheilus aaitus. Sow. 

„ MichoUanus, De Eon. 



MurchisoniaquadricarimUa, M'Coy. 

Natlcopsis variata, Phil. 
„ */>trato, Sow. 

Pleurotomaria conica, Phil. 
,, expanwi, PhiL 

„ monUifera, PhiL 

, , Fvami, ' L^ veill^» 

Trochus kpidusf De Eon. 



The Cephalopoda are rather poorly represented, only 3 genera 
and 4 species having been detected, viz. : — 



Actinocems gigaaUeumf Sow. 
Nautilus quadratus, Flem. 



Orthoceras 6»\ctum^ Sow. 

„ atUnwitwn, Flem^ 
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Fish remaius are found sometimes very plentiful in a thin layer 
about half an inch above the coal bed. Those mostly found on 
this horizon are the scales, spines, and bones of Amphicentrum 
gromtUosum, single teeth of P<Bcilodti8 chliqwis, Ddtodua, sp. nov., 
XystrodiM, sp, nov,, and the scales and teeth of Megalichthys 
HibhertL In the body of the shale, but generally when nearing 
its upper surface, are occasionally found Petaiodua ffastingaice, 
Ctenoptychius 8erratu8, Tomodvs con/vexiLS, and on its very sur- 
face, just below the limestone, Fsammodtis rugosus; Hdodus 
jdanus is also found, and a small jaw with dentition of FalcB- 
oniscuSy 8pA 

In this shale Corals are very rare, only one, a diminutive 
specimen of Zaphrentia patiUa, is found in the body of the shale; 
but on its upper layer, where it assumes a more calcareous 
character, small nests of Lithodendron junceum and LUhostra- 
Hon BtricUum are found. These small patches are from a few 
inches to a yard in diameter, shewing that the coral has had a 
comparatively short and, apparently, precarious existence. In 
the upper calcareous layer some of the large rugose corals put 
in an appearance; these are mostly specimens of Gydophyllum 
and Clisiophyllumy and are very rare. 

Various genera of Crinoidea are found in all parts of the bed, 
but are most plentiful in its upper half. Some fine fingers of 
Poteriocrinus M^Coyanua with crushed heads of the same are 
found, also the head of Pisocrinita globtUaris, and various stems 
apparently not described. 

We have thus at the very base of this carboniferous group of 
strata, in a bed of shale about 3 feet thick, a great infiux of a 
marine fauna, shewing that as soon as the sediment had com- 
menced to settle upon the coal, marine forms of life had appeared 
and left evidence of their existence. In some places about 1 inch 
of fine sediment has been deposited before any organisms appear, 
but in general they are found resting close upon the coal From 
about 1 to 2 inches above the coal Lingvla and Crania first appear, 
the former very plentifully, but both in a crushed state ; they 
then disappear, and are not found until in a like position above 
the 9-inch coal in the divisional shales of the lower limestone. In 
this shale the conditions appear to have been more favourable to 
the growth of the Lamellibranchs than to the Brachiopods; while 
the former are what may be called plump and well developed in 
size, the latter are generally stunted and diminutive compared with 
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their representatiyes in the overlying strata ; this is especially 
the case with the Productcs — the same species being found in the 
Prodnctus-beds at Broadstone and elsewhere throughout the 
district, double and often quadruple the size of those found in 
this shale; however, this only refers to the Beith quarries; on 
the west side of the basin, in the PuddufF Bum, Kilbirnie, where 
this shale crops out with a depth of 12 feet and has a more cal- 
careous character, the FrodudUR are as finely developed as in 
the higher beds at Beith, and here Prodfuctua gigcmteus, a shell 
not found in the shale at Beith, is plentiful, as well as Athyria 
ambiguaj which is not found in the Beith quarries on a horizon 
below the coral shale. 

3. Main Post. — Resting immediately upon the above shale 
lies the "main post," a bed of limestone that runs from 3' to 5 feet 
in thickness, and which is a very pure carbonate of lime, but has 
not produced many fossils fit for the cabinet ; it is principally 
built up of the ossiculse of a small and, as £i.r as I am aware, an 
tmdescribed species of Crinoid. This Crinoid first appears in the 
shale below, where the bed assumes a calcareous character, and 
continuing upwards becomes immensely developed throughout 
the main post, until nearing its upper surface, where it gradu- 
ally dies out, and its place is taken up by the corallites Idtho- 
dendron and LUhostroHon, This bed is hard and partly crystallised, 
breaking up into large angular blocks, and is therefore not so 
well adapted for as thorough investigation as softer strata. It 
has only added 2 genera and 5 species to that already found in 
the lower shale. 



Bhynchondla pleurodofiy PhiL 
Terebratula hagtata, Sow. 



BRACHIOPODA. 

Spiri/era glabra^ Martin, 
var. Ungui/era, PhiL 
„ pinffuis, Sow. 



CEPHALOPODA. 
Nautilus ingenSf Martin. | Actinoceras gigatUeus, Sow. 

The Lamellibranchs and Gasteropods are all but absent in this 
bed, but, as formerly stated, it is not rich in Molluscan remains. 
It is also rather poor in Fish remains, only 2 genera and 2 species 
are added to what is found in the inferior shale — these are 
Cladodus mirabilis and Ca/rcharopsia prototypua-, the former 
rather plentiful in some places, while only two specimens of the 
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Utter, as yet, haTe been found, and thej are the only remains of 
this species that the carboniferous beds of the district hare pro- 
duced; bat as they were both foond in this stratum on different 
horizons, and about 300 yards apart, we may surmise that they are 
not the Testiges of a solitary intruder; still it is curious that 
no more of them hare been as yet detected. One spine of Ora- 
canihus MiUeriy has been found in this bed, being its first appear- 
ance in the district, and palate teeth of Fsammodus ruffonu and 
F. poromUy continue along with species of Cochliodonts. Trilo- 
bites here make a first appearance, all in a firagmentary state; 
GriffUhidei mem>4ubereulatiu is the most common, but lately at 
Thirdpart, Beith, O. Eichwaldi was found on the same horizon. 
The Annelida also appear in this bed, good specimens of Ser- 
puliU» earbonariuB and S. membranaceus, are found although 
rare, and are generally confined to small circles. Near to its 
upper surface, nests of LUhodendron become common, and a few 
of the large rugose corab appear, but still rare. Polyzoa put in 
an appearance, but mostly confined to Pclypora deTidroidea^ kc. 

4. LiTHODEHDROK Bed. — Resting upon the main post, but in 
general divided from it by a well marked line, is what I have 
here named the Lithodendron bed, from its being largely built 
up of this corallite. This bed^ the ''two feet stone" of the 
quarryman, has a thickness of from 2 to 3 feet, and has added 2 
genera and 6 species of MoUuscan remains to what has been 
found in the inferior beds. These are as follows : — Productua cora^ 
F, gigamUuB^ P, Toungianus, StropJuymena analogay Sanguinolitea 
iridinaideSf Bellerophon comu-<iriete8. To the Fish remains we 
have added Homocanihus and single teeth of Hdodia planus. 
The large rugose corals increase in this bed, but are still com- 
paratively rare, the bed being almost one mass of Lithodendron 
faadculatum. Otherwise it is not rich as a fossiliferous deposit. 

5. Coral Shale. — Besting upon the above bed is the " coral 
shale,'' as I have named it here, from its having produced the 
greatest number of the large rugose Corals found in the district. 
These are mostly found in an argillaceous layer in the bottom of 
the shale. These Corals need not be named here, as they have 
been all given in Messrs. Young and Armstrong's list, published 
in the third volume of the Society's Tranaactiomy and will be 
given in the table appended to this paper. This shale has a 
thickness of from 1 to 2 feet, and consists of alternate layers 
of argillaceous and calcareous shala It is mostly in the argil- 
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laceoua layers that the large Corals are found, and taking the 
example of the beds in this district, it appears that a purely cal- 
careous sea bottom was not favourable to the production of these 
large rugose Corals, that their true habitat was rather where s 
certain amount of argillaceous mud had been deposited with the 
calcareous matter. This is so evident, that at Treame, where 
the upper series of the lower limestone is wrought, a Coral bed, 
similar in character to the one under consideration, but more 
indurated, is found, and the whole bed, as here, has to be turned 
into the refuse heap, being useless for commercial purposes 
from the amount of clay that it contains. Except the Corals, 
this shale is not very fossiliferous. It only adds 5 genera 
and 8 species to those known in the lower beds ; these are, 
Chonetes Laguesdana^ Cypricardia rhambea, Solenimya primceva, 
Soienopsis imbriccUa? Betzia radialiay Orthoceras pyffffumm, and 
0. UUerale, The Fish remains are not very plentiful, there has 
only been added to what the lower beds has produced a very fine 
spine, as yet undescribed, and a single tooth of what is probably 
an example of Oradua dnciiis. Some good specimens of Polyzoa 
appear, various species of Cerioporay Glauconome, and FenesteUa, 
put in a first appearance (see table at end). 

6. Blue Limestone. — Besting upon the Coral shale, is a post 
of blue flaggy limestone, very unevenly developed, increasing 
from 3 feet at Broadstone to 13 feet at Lyonshields and else- 
where, but generally from 3 to 5 feet. It is of a mixed character, 
thin layers of argillaceous shale intervening between the layers of 
limestones, and is at certain places rich in organic remains, i|i 
other places deficient in them. It adds only one genus to what 
has been found in the inferior beds — ^viz,, Conocardium aliforme; 
but the following species appear here not found below: — Pro- 
ductus ctctUecUuSy Bhynchandla pugntu, Spiriferina octopUccUtu, 
TerehrcUnda hastcUa, var. vesictdaria, Euomphalua perUangtUcUuB, 
Laxanema cans^ricta, L, cu/rvilinea. 

The Fish remains are sometimes plentiful, but, except the 
following, they have all been detected in the subjacent beds. 
These are PetcdorhynchuSy sp, not?., OroduSy sp, nov,y Hdodua 
didymuSy H. conicay H, mammUariSy Orocomthua minoTy and 
Olo88odu8 marginatua. A single scale of Rhizodua Hihberti was 
found, and some fin-bones and casts of bones of what has been 
taken for Cladodtia mirabiUa have been preserved. 

7. White Limestone Post. — Above the "Blue limestone" lies 
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the " WMte stone" of the quarrymen. It runs from 6 inches, 
as at Overtown, to 10 feet, in some places at Broadstone, and 
in the latter locality often running into lenticular nests of 
shale. It is not rich in shells, but abounds in Fish remains. 
Only a few of these are new, and belong to species still unde- 
scribed ; the most plentiful are those belonging to the Gochliodonts 
and to the genus FcBcilodua — the latter disappears in the first 
mentioned bed a few inches above the lower coal, and is rare in 
the intervening strata, until we reach the " Blue stone," where a 
few specimens occur, but here they reappear in numbers that 
may be called profuse. No additions have been made from this 
post to the shell remains found in the series, so far as I am 
aware. 

This concludes the sub-series of the lower limestone, a blank 
taking place in the limestone at this point, which is filled up 
with 40 feet of shales, of mixed character, including a thin 
bed of coal 9 inches thick, &c, (see table of strata at end of 
paper). These shales have an extensive range, being found 
under modified conditions at Auchenmade and Auchenskeoch, 
Kilwinning, and on the west side of the basin in the Pudduff 
Burn, Kilbirnie, and Park, Lochwinnoch, near its N.E. outcrop. 

8. Besting upon the above limestone bed is a calcareous shale, 
shading at certain places into one of bituminous character. It 
does not produce many specimens fit for the cabinet, but Den- 
tcUium priscum (?) appears for the first time in the bed, and a 
small Pecten (sp. ?) has been found. Mj/alina crcusa, found in 
the first shale bed, but not found in the intervening strata, re- 
appears in this bed. These, with a few others found in subjacent 
beds badly crushed, make up the shell remains yet detected. 
The only Fish remains yet detected are teeth and scales of 
MegaUchthys Hibberti, and teeth of Poecilodus Miquus, 

9. Nine-inch Shale. — A thin bed of coal lies upon the above 
shale, overlaid by an argillaceous shale, 9 inches thick. This 
shale is very rich in Fish remains, and has yielded a number of 
good specimens. These are mostly similar in character to those 
found in the first shale bed, above the lower coal, but a few 
small Gochliodonts are found, new to the series, and are still 
undescribed. The teeth of RhizodiLS make their first appearance 
in the distrct in this shale;' a single scale of this fish was found 
in the " Blue limestone," and another one in the " White lime- 
stone " bed, but no teeth have as yet been detected on a horizon 
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lower than this shale bed. A very fine specimen of a large head 
plate belonging to this fish was found lately in this shale. It was 
discovered by Mr. James Craig, Gateside, an intelligent workman, 
who in his occupation as a quarryman has preserved a large 
number of specimens, some of them new, and which, but for his 
care, would probably have been lost to science. It does not 
yield any good specimens of shell remains, but both lAngvla and 
Crumia reappear. None of these have been found in the inter- 
vening strata above the first shale bed, except a single specimen 
in the main post, but they reappear here, and die out in similar 
circumstances to that in the first shale bed. 

10. Limestone. — ^Above this shale lies a band of impure 
limestone, 10 inches in thickness, containing nothing new firom 
that observed in the subjacent beds, and is not very fossiliferous. 

11. Arenaceous Shale. — Over this last bed rests an arenace- 
ous shale, in which no marine fauna have been detected; only a 
few badly preserved stems of SigUlariaf and fjednt markings of a 
fern, Pecopteris, are all that have been met with in it as yet. 
Above this, beds of a clay ash appear, intercalated witli a band 
of bituminous shale, which is unfossiliferous, overlaid by 3 
inches of impure clay ironstone, then 6 inches of bituminous 
shale, succeeded by 20 feet of calcareous shale containing thin 
beds of limestone, complete the divisional shales at Beith. The 
last mentioned beds have not been well examined, fipom want of 
opportunity ; but, as far as they have been cut into, they do not 
appear to contain anything different from what has been detected 
in the inferior beds, and further, appear not very fossiliferous. 
In a bed of shale close to the under surface of the higher series 
of this lower limestone, a small variety of Rhynchonella pugnvs 
is found. This is the only place where this variety has been 
detected in the lower limestone series here, but it has been found 
very plentiful in the upper series at Bowertrapping, Dairy. 

Physical Conditions. — The fossiliferous beds described in 
the above paragi-aphs include about 60 feet of strata when they 
are on in full. Various changes appear to have taken place 
during their deposition, but they are greater after the sub- 
series of the limestone had been laid down. An oscillation of 
old land surface and sea bottom had taken place during the 
deposition of the " Blue stone " beds. This and the " White stone" 
both give evidence of being laid down in a shallower sea, with a 
more uneven bottom than the one in which the serial beds 
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below bad been laid down in. Tbe 9-incb coal wiih land plants 
fumisb evidence of an old land sor&oe. Tbe 9-incb sbale 
resting upon tbis coal and tbe band of impure limestone give 
evidence of submeigence, followed by npbeaval and volcanic 
eruption. In tbe Hessilbead Bum, Beitb, tbe asb is amorpbous, 
and about 9 feet tbick; in tbe Broadstone quarries, wbere it 
bas been laid open, it is about tbe same, but divided into two 
beds hj a bed of sbale. After tbis, a gradual sinking of tbe sea 
bottom bas taken place wbere a series of sbale and limestone 
bands bas been laid down, culminating in tbe upper series of tbe 
lower limestone. 

In conclusion, I bave to tbank Mr. Jobn Young of tbe Society, 
for bis kind assistance in identifying tbe fossils found in tbese 
beds, and also Mr. Woodward, of tbe Britisb Museum, for bis 
kindness in sending me tbe names of a few of tbe rarer Yish 
remains. A few Fisb remains bave been found tbat are still 
undescribed, and it is probable tbat a few otber organisms may 
bave been detected tbat bave not come under my notice. 

Not baving entered into tbe examination of any of tbe small 
microscopical fossils, no notice is bere taken of tbem ; and not 
baving paid* mucb attention to tbe Crinoidea, a number of 
species as well as genera may bave been overlooked. Altbougb 
found in all tbe beds of tbe sub-series, it is not until we reacb 
tbe Encrinital beds of tbe upper series of tbe lower limestone 
tbat we find tbem in profusion ; still it appears that tbe greater 
part of tbe genera and species are represented in tbe sub-series, 
but from tbe scarcity of preserved beads it is very difficult to 
arrive at tbeir correct identification. 



Note. — Since this paper was read, in looking over a collection 
of shells tbat bad been laid past from tbe shale above the lower 
coal, I found a crushed shell that looked like a Bellerophon Urii. 
I shewed the specimen to Mr. Young, and be bad not a doubt 
about it. I bad seen crushed fragments often, but from their 
state of preservation there was a doubt about their identity, 
but now we find that B, Urii has put in its appearance at the 
very base of these Carboniferous beds. Nucula bas been found 
in this bed, and also a very fine specimen of Sanguiiiolites 
iridinaide8y a shell that I bave set down as first appearing in 
the " Lithodendron post." 
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TABLE OP STRATA 

As /ound in cm old quarry at BroadsUme, wrought in the sub-aeries 

of the louoer UfnestonCf farther to the dip than any of the other 

qua/rries in the district. 



Name of beds taken In deaoending order. 



I 



S 



I 



Calcareous shale with intervening bands of lime- 
stone, . . . 
Bituminous shale "with bond of day ironstone, 
Clay ash, unfossilferous, 
Bituminous shale, .... 

Clay ash, unfossiUferous, 
Arenaceous shale with remains of land plants, 
Impure limestone band with marine fauna, . 
Shale of mixed character, with marine fauna, 
Coal, ...... 

Shale of mixed character with marine fauna, 
White limestone with marine'fauna, 
Blue limestone with marine fauna, . 
Coral shale band with marine fauna, 
lithodendron limestone with marine fauna,. 
Main post limestone with marine fauna. 
Argillaceous shale with marine fauna. 

Clay shale fall of the remains of land plants, 

Layer of coal, .... 

Clay ash from 2 to 30 feet, . 

Beds, cut into, containing red shaly sandstone, 
with two beds of sedimentary day, with plant 
remains, ...... 

Volcanic ash, bored into, with intervening beds of 
doleritic greenstone, about 



20 
2 
5 
I 
2 
4 



II 



10 
9 
9 

6 

n 

6 
4 
"i 



80 



NoTBv— The three last mentioned beds were ascertained hy bores pat down jnst outside 
of the carboniferons outcrop, and in a cutting on the Beith Branch Railway; the others are 
takea from the quarry section, as mentioned above. 
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Amplexus coralioides, Sow. 






X 


X 


X 












„ Henslowi, M. Edw. 
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Lophophyllum erucoj M*Coy. 
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ffeteropfiyUia mirabilis, Duncan. 
LWiodendronfasciculatumj Flem. 
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LUhostrotion Portlocki, M. Edw. 
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Rhodocrinus, Sp, 


X 






X 














Annblida. 






















SerpuUtes carbonarius, M*Coy. 
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Spirorhis, Sp. 
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Crustacea. 

Oriffithidea meso-tubereulatusj 
M'Coy. 
„ EicktocUdi, Fischer. 



POLTZOA. 

Cerwpora interporosa, PhiL 

„ similist Phil. 
CarineUa cellulifera. Ether. 
FenenteUa plebeia, M*Coy. 

„ Tiodtdosa^ Phil. 

„ cartwata, M*Coy. 

„ flabeUata, PhU. 

„ frutex, M*Coy. 

„ membranacea, Phil. 
6'toiieonome bipinnata, PhiL 

„ grandisy M*Coy. 

„ gracilis, M'Coy. 

„ ptUcJierrima^ M*Coy. 
Polypara dendroidee, M*Coy. 

„ tuberculata, Prout. 

„ verrucosa, M'Coy. 
RhaJbdomeson graciU, Phil. 
Sulcoretepora parailela, PhiL 
Vincularia omala, £ichw. 



Brachiopoda. 

Athyris ambigua. Sow. 

,, Boyssii, L^veill^. 
Chonetes Laguessiana, De Kon. 
Crania quadrata, M'Coy. 
Disdna nitida, PhiL 
LingtUa mytUoides, Sow. 
Or/Ai« Micheliniy L^yeiUd 
„ resupinata, Martin. 
Productus JiTnbriatus, Sow. 

giganteus, Martin. 

jmnctatuSy Martin. 

var. eleganSf M*Coy. 

longispinus, Sow. 

acabriculus, Mxurtin. 

«€mir6^tcu2a/t<4, Mart. 

var. Martini, Sow. 

epinulosus, Sow. 
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ProduetHS sinuatus, D' Orb. 
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Bebia radialia, Phil. 
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„ pufftitis, Mart. 
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X 


X 


X 












Spirifem bUuleata, Sow. 
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„ var. radialuj PhiL 
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Spscus. 



Lamsllibranchiata 
(Dim YARi a) ^Continued. 

Edmoniia umoniformia, PhiL 
„ oblongoy M*Coy. 
„ scalaris^ M*Coy. 
Leda aOenuata, Flem. 
„ oblongct, M*Coy. 
Modiola elongtUa, Phil. 
MyacUes suXcata, Flem. 
MycUina crasaa, Flem. 
Nucula gibhosa, Flem. 
SanguinolUes pUcahis^ Port!. 
„ indinoides, M*Coy. 
, , suhcar'matiis, M *Coy. 
Solmhnya primceva, M*Coy. 
Solenopsia imbricata ? De Kon. 



Gasteropoda. 

EiLomphalu8 radians^ De Kon. 
„ heUcoidea, 
„ penlatiffukUtut, Sow. 
Dentalium pr'ucum ? Goldf. 
Loxonema Le/ebvrei, L^veill^. 

„ constrictti, Sow. 

„ curvilinea, Phil. 

„ sulcatula, M*Coy. 

„ Sp, ? 
ifacrocA«a«« a«trfu«, Sow. 

,, MichotianiUf De Kon. 
Murchisoiua, 8p. ? 

„ guacincartTiato, PhiL 
NadcopiM variata^ PhiL 

,, plicistria, PhiL 
^mto«ptroto, PhiL 
Pleurotomaria conica, Phil. 
„ expanM, PhiL 

„ TOoniZt/cra, Phil. 

„ YvanH, L^veill^. 

Trochus Upidvs? De Kon. 



NUCUEOBRANGHIATA. 

BeUeroplum comu-arietetf. Sow. 
„ decu8mtu9, Flem. 
„ CTrii, Flem. 
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HomocanUius macrodus, M'Coy. 
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V. — On a Bed of Fine-Gbained Indurated Sandstone, 
enclosing RoUed Pebbles of QiuMrtzite, vatersPi^atified with the 
Trap of the Campaie Fella. By John Young, F.G.S., 
Vice-President. 

[Bead 16th Jannary, 1874.] 

It is now many years since, in my rambles amongst the trap 
rocks of the Campsie Fells, I became acquainted with the 
peculiar masses of rock which form the subject of the present 
communication. In my paper " On the Geology of the Campsie 
District," I purposely omitted all reference to them, hoping to be 
able at some time to discover whether or not the rock belonged 
to the hill, and if so, to find its outcrop. Other duties, how- 
ever, for a long time prevented me from continuing the investi- 
gation, though the subject frequently occurred to my memory; 
and since the discovery of beds of coal and other strata, with 
plants and fish-remains of Carboniferous age, intercalated with 
the traps of the Kilpatrick Hills, recorded in the Transactions of 
the Society,* the importance of finding evidence of interbedded 
strata at other points in the trap of the Lennox range of hills 
became the more apparent. 

The tract of hill-side on which I first discovered the rock in 
question, lies to the north-west of the village of Lennoxtown, 
below a lofty precipice of trap known as the " Black Craig." 
Underneath this precipice a long slope of the hill is covered 
with debris and large masses of rock that have fallen from the 
clifis above. These strew the hill-side as far down as the road 
leading from Campsie to Fintry. If the hill be ascended from 
this point, a little to the east of the present march-dyke, until 
we come to the old " Crow itoad" — an old and now disused car- 
road that formerly crossed the face of the hill to Fintry at a 
higher level than the present road — several masses of the rock 
enclosing pebbles of quartzite will be found. 

From this point upwards on the hill-side, the boulders may be 
traced in increasing numbers, until we arrive at the bottom of 
the hollow in the eastern side of the " Black Craig," where they 
are lost, or become covered with the trap debris. This point is 

• See Vol. II. p. 149 ; Vol. IV. p. 77, and p. 123. 
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about 900 feet above sea level, and about 650 above the level of 
the Campsie valley. At higher levels than 900 feet, I have 
always failed to trace the rock; and from this circumstance I 
concluded that the masses did not fall from higher portions of 
the hill, but were probably derived from the outcrop of some 
intercalated bed now concealed from view. 

Being in the district this last autumn, I made a short excur- 
sion along the hill-side to the east of the " Black Craig," for the 
purpose of ascertaining if any trace of the indurated sandstone 
could be found in that direction. Keeping on the 900 feet level, 
where I formerly lost all trace of the rock, I was fortunate in 
again finding it at several points. Nowhere can I say that I 
saw the bed exactly in situ, but from the numerous blocks of 
the rock which I met with along this level, either lying loose 
upon the hill-side, or partially imbedded in the soil, I felt 
convinced that I was on the line of its outcrop. After tracing 
it for some distance to the eastward, in the direction of Slough- 
mucklock, I again lost sight of it, owing to the smooth and 
verdure-covered slope of the hill concealing the underlying beds. 
The base of the hill for some distance below the indurated sand- 
stone is composed of bedded trap. In Campsie Glen, about half 
a mile to the westward, these traps are seen to rest upon 
members of the Ballagan limestone series, while to the eastward 
of the *• Black Craig " the trap is flanked by the lower Carboni- 
ferous limestone strata of the Campsie valley. 

From an examination of some of the largest blocks of the 
indurated sandstone that lie upon the hill-side, the bed seems to 
average from 2^ to 3 feet in thicknesa It is in contact above 
and below with beds of a fine grained dolerite, which in trans- 
parent sections prepared for the microscope shew numerous small 
dark-green crystals of a mineral, probably either of augite or horn- 
blende, and minute grains of iron in a base of felspar. 

The colour of the sandstone is a blackish-grey, varying in 
some blocks to a brownish-grey. The contained pebbles, which 
are all quartzite, are of a light-grey or white colour. The rock 
as it lies on the hill-side under its coating of lichens, is not to be 
distinguished from the trap of the hill by any peculiarity in its 
colour, and might readily be passed by, but for the quartz 
pebbles that are occasionally to be seen protruding from the 
matrix. The stratum differs, however, from an ordinary con- 
glomerate in this respect, that the pebbles, varying in size from 
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2 to upwards of 6 inches in diameter, occur only at intervals in 
the enclosing matrix, which is fine-grained and highly siliceous, 
there being no grit nor smaller stones filling up the spaces 
between, as in ordinary conglomerates. 

The pebbles, which form the characteristic feature of the bed, are 
all well rounded and water-worn. In most cases they come quite 
readily, and with a smooth surfiice, out of the enclosing matrix. 
It is evident that the bed must have been deposited in water, as 
a stratum of finegrained sand over the surface of the underlying 
trap ; but how the rounded pebbles came to be transported into 
it at intervals from their parent district, is a point not very easy 
of explanation. They appear to have been dropped into the 
sand only here and there, and not to have been drifted by 
currents of water into their present position. My reasons for 
coming to this conclusion are that the matrix, as formerly stated, 
is a very fine grained deposit, and any current that had the 
power to carry forward pebbles of the size indicated, could not 
have failed to transport from the same region coarse sand, gravel, 
and smaller stones; but these we have seen are awanting. The 
bed therefore difiers from the type of an ordinary conglomerate, 
in which we find stones of various sizes, down to gravel and sand, 
entering into its composition. As already stated, the stones in 
the bed are seen to be well rolled; this, I think, it is evident, could 
only have been done before they were carried to their present 
position. By what agent they were carried, I will not presume 
to indicate, beyond stating that water plants when torn up by 
storms from the stations on which they grew, sometimes enclose 
water-worn stones amongst their roots, and that these are often 
drifted away to other tracts where fine sediments are being laid 
down. This agency has been credited with the carrying of isolated 
stones met with in other of the geological formations, and it is 
certain the phenomenon of plants carrying stones over the flat 
sandy reaches within our own estuary of the Clyde is quite a 
common occurrence. 

If plants carried the stones in this instance, no trace of their 
remains are now to be found in the bed, nor have I found any 
fossil evidence to shew whether the stratum is of fresh water or 
marine origin. I have also broken up several of the quartzite 
pebbles, and they likewise contain no trace of fossils. 

It has been already stated, that the bed under notice lies in 
the midst of the traps of the hill at an elevation of 900 feet 
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above sea level. As the hill at this point rises to the height of 
1,500 feet, it follows that at least 600 feet of bedded traps lie 
over it. 

These igneous rocks were no doubt the agents which so highly 
indurated the stratum from its normal condition of a sandstone, 
and which would also further vitrify the enclosed pebbles, so that 
now they cannot be distinguished in hardness and structure from 
the most vitreous Highland quartzites of Silurian age. 

The stratum of sandstone is probably of lower Carboniferous 
age. like those beds that lie on nearly a similar horizon in the 
trap of the Kilpatrick Hills to the west. It has evidently been 
deposited in a basin of the trap, and is probably a lenticular 
stratum of no great horizontal extent; but from what region the 
pebbles of quartzite and the arenaceous deposit forming the 
matrix were derived, it is now impossible to say. From the 
composition of the materials forming the bed, and the apparent 
absence of pebbles of trap in the deposit, it is evident the sur- 
rounding trap was not then exposed to denudation. We are 
also entirely ignorant of what may have then been the physical 
features of the district; indeed all we know is that the Bal- 
lagan strata and the traps which form the base of these hills 
were laid down ere the bed in question was deposited; and that 
like those already noted in the Kilpatrick Hills, it marks one of 
those periods of repose between the great outbursts of igneous 
i*ock-niatter, of which the Campsie Fells are principally built up. 



Note. —A suite of specimens of the pebbles, matrix, and 
contiguous trap, were exhibited to afford members an oppor- 
tunity of studying the peculiarities of the bed. These I purpose 
placing in the Hunterian Museum, where they may afterwards 
be consulted along with those obtained from the trap of the 
Kilpatrick Hills at Bowling. — J. Y. 
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VI. — Geological Notes on the Noursoak Peninsula, Disco 
Island, and the amrvtry in the vicinity of Disco Bay, 
North Greenland. By Kobert Brown, of Campster, M. A., 
Dr. Phil., F.L.S., F.R.G.S., &c., Honorary Associate. 



CONTENTS. : 

L History of Geological Discovxilt in Grbenland. 

1. Giesecke ; 2. Pingel ; S, Bink ; 4. Later Explorers. 
II. General Geology of Greenland. 

1. Primitive and Metamorphic KockB ; 2. Red Sandstone; 3. Carbonifer- 
oas ; 4. Cretaceous ; 5. Miocene ; 6, Qnatemary. 
IIL Notes on a Coasting Voyage to Explore the Miocene Beds. 
1. Atanakerdluk ; (a.) Section of Fossil Beds at Ekadlak Creek ; {p.) 
Section S.E. by S. from house at Atanakerdluk; 2. Ouiaras- 
nksumitok; 3. Ounartok; 4. Eudlisaet ; (a.) Section along the 
Shore ; (/3.) Geology of Heers Creek; 5. From Eudlisaet to Bitten- 
benk and Godhavn. 
IV. Greenland Coal. 

(a.) Character ; O.) Analysis ; (y.) Localities for CoaL 
V. General Conclusions regarding the Miocene Flora of Green- 
land, AND THAT IMMEDIATELY FRECEDING IT. 

VL List of Plants and Animals found in the Miocene Beds of 

Greenland. 
VIL List of Plants found in the Cretaceous Beds. 
VIIL Former Range of the Miocene Flora of Greenland. 

IX. Description of Map. 



I. — History op Geological Discovery in Greenland. 

I do not think that I can more fitly preface these notes on the 
lithology of Mid Greenland,* than by briefly sketching the history 
of the progress of geological discovery in that country. Dis- 
covered by a roving Icelandic Viking in the ninth century, it is 
still very partially known, and it was not until the beginning of 
this century that we obtained any correct information regarding 

* Greenland is divided by the Danish government, who maintain a mono- 
poly of the trade up to 72P N. lat., for the purposes of government, into the 
north and southern Inspectorates— the former embracing all the coast line 
north of lat. 66°, the latter all south of that parallel The region I am 
describing may be termed Middle Greenland, as it lies between the parallels 
of 68" 30' and 71* N. lat. 
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its mineral resources or geological history, the early missionaries 
Egede, Crantz,* Fabricius, and Saabye, as well as other visitors 
and explorers, being apparently unacquainted with and very 
little observant of geological phenomena — a branch of sciencot 
in truth, but of very recent growth at the period they wrote. 

1. Giesecke. — Sir Charles Louis Giesecke is famous in the annals 
of Greenland research more from what he was known to have done, 
than from what he gave to the world as the fruits of his long 
labours. He was, however, the first in point of time — if not of 
merit — of all the Greenland geologists. Bom at Augsburg in 
1761, he was originally intended for the church; but after various 
changes of occupation and a life of some adventure — figuring 
among other roles as an actor — he devoted himself in about his 
fortieth year to mineralogy, and in 1801 studied under the 
celebrated Werner at the Mining School of Friburg, became 
''Bergsmand," and finally settled down as a. dealer in minerals in 
Vienna. He subsequently travelled with mineralogical views in 
several parts of the north of Europe. Eventually entering the 
service of Denmark, he repaired to Greenland, leaving at Copen- 
hagen a valuable collection of books and minerals, which were 
destroyed during the bombardment of that city. In the mean- 
time, in Greenland he formed acquisitions of great interest in 
various departments of natural history ; but foreseeing the pro- 
bability of their capture on the passage to Europe, he with great 
resolution and perseverance went a second time over the ground 
he had examined, and remained in the country until his object 
was accomplished. In the meantime, the vessel which contained 
his first treasures was captured by the English cruisers and sold 
by auction at Leith. The minerals attracted but little general 
notice, in part from their being packed in moss and sea-weed, 
and perhaps also from the very circumstance of many of the 
species being unknown.t Most of the collection was purchased ' 
by Mr. Allan, who found such a mass of duplicates that nearly 
all of the cabinets of England were supplied with the rare or new 
species it contained — sodalite, allanite, cryolite, &c. In 1813 
Giesecke himself accidentally arrived in Leith, and considering 
how mortified he must have been to find the labours of so long a 
period just departed from under the hammer into cabinets never 

* Crantz indeed gives a list of twenty-five minerals collected by Hr. Brasen, 
a surgeon, who visited that country. 
t Greenougli, Presidential Address in Proc. Oeoi, Soc. vol. ii., p. 46. 
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intended for their reception, unless through a process different 
from that which they had undergone, he with great good nature 
contributed to the improved descriptions and catalogues of the 
species which subsequently appeared. 

Following the Duke of Marlborough's maxim of " quartering 
himself on the enemy," he obtained the easy post of Professor of 
Mineralogy to the Royal Dublin Society, and went to reside in 
Ireland, where he passed the remainder of his days, dying at 
Dublin in March 1833, at the age of seventy-two. The energy 
which had distinguished his youth to a great extent evaporated 
after his return from Greenland, and accordingly he published 
but little in reference to that country. In addition to a couple 
of notices relating to Irish minerals,* he wrote the article 
" Greenland " in Brewster's Ediribwrgh Encydopasdia — an article 
which yet forms one of the best accounts of Greenland in the 
English language. His meteorological observations were pub- 
lished in the Edinburgh Philosophical Jotimal for 1818, and Dr. 
Scoresby obtained the use of his maps and other materials for 
his Voyage to Greenland, which contains also an interesting 
letter from him on the structure of Greenland, containing views 
almost identical with those which later research has constrained 
me to advocate in another placet His rich collection of minerals 
was never arranged, and, I am informed, lie even yet in the 
Dublin Society's museum practically useless from the displace- 
ment of the labels. In the Edinburgh Philosophical Jowmal for 
1822 he gave an account of the geological conditions of cryolite 
— the original specimens discovered by him being now in the 
Edinburgh Museum of Science and Art, having been obtained 
from the Allan purchase of Giesecke's first collection. In the 
Transactions of the Royal Society of Edinbv/rghX is a short but 
interesting paper by him on the " Mineralogy of Disco Island," 
with maps and several views of scenery. These comprehended 
the extent of his literary contributions, though he had always 
intended writing an extensive work on Greenland, the value of 
which I need scarcely say would have been immense. During 
the whole of his residence in Greenland he kept the most minute 
diary of his labours. This journal is now in Copenhagen, and a 

• AnnaU of Philosophy, 1825 and 1826, reprinted from The Dublin Philo- 
sophical Journal. 
t Quart. Journal Oeol Soc, Feb. I87I. 
t Vol. ix., pp. 264-272. 
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copy is in the possession of the Royal Dublin Society. Mr. R. 
H. Soott, of the Meteorological Office in London, was good 
enough to copy sevet-al extracts for our use, and I cannot but 
recollect how minutely accurate was every particular, though at 
the same time it was mainly mineralogical, and therefore of little 
value to us. He was a knight of the Danish order of Dannebrog 
— Whence the title he is known by in England. Sir Charles 
Giesecke's reputation deserves embalming in any history of 
geological research in Greenland, for he was the first and the 
most enthusiastic of all those who have visited it for scientific 
purposes. 

2. Pingd, — In 1828 the Danish government despatched Lieut. 
Graah on an expedition, the object of which was to endeavour to 
trace out the fate of the lost Icelandic colonies. This work he 
performed with a zeal and heroism that has long obtained for that 
officer — only lately deceased— the admiration of all geographers 
and antiquaries;* but we are more particularly interested in 
knowing that he was accompanied as fiir as the South-western 
coast by Dr. Pingel, an excellent geologist, who unfortunately 
was too soon lost to the science he was so well qualified to 
advance. He was fortunate enough to discover the " Red Sand- 
stone of Igalliko,'" and to draw attention to the remarkable sub- 
sidence of the Greenland coast going on — a subject of extreme 
interest, and which, owing to his description,t has since attracted 
much attention, but, as I have ventured to shew in another 
place,{ has been somewhat misunderstood. 

3. Rink, — Little or nothing was added to our knowledge of the 
geology of Greenland until more than twenty years ago Dr. 
Heinrich Rink, who had previously distinguished himself as one 
of the naturalists of the Royal Danish ship ^'Galatea," under her 
voyage round the world, under Steen-Bille, paid an extended 
visit to Greenland for the purpose of making geological surveys. 
These explorations were extended over the long subsequent 
period during which he resided in the country as " Inspector " 
or Governor of South Greenland, but his results were given to 
the world in 1852, in a valuable memoir, published by the Royal 

* Undersdgdsea-Heige til Oatkysten af Ordnland, efter KongL Befaling adfort 
i AareDe, 1828-31. (Also traoB. into English by Mr. Maodoagall, RN.) 

t Proceedinff8 of the Oeologiccd SocUty of London, vol ii. 

X Traruactions of the British Associatian for the Advancement of Science, 
1869 ; and Quart. Joum, Oeol, Soc, 1871. 
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Danish Academy of Sciences.* He has recently (1868) returned 
from Greenland (and is now Director of the Greenland Com- 
merce), but, with the exception of occasional short papers,t his 
time has since then been occupied with the study of the physical 
geography and ethnology of the country, which he has long 
governed with benefit to the aborigines and satisfaction to his 
sovereign and country. His memoir mentioned is mainly , 
occupied with the mineralogy of the country, and the physical 
effects of the glacier and inland ice in altering the climate and 
scenery of the country, but he for the first time has clearly laid 
down and mapped out the geognosy of the country. His stan- 
dard work J will long be the main authority for our knowledge 
of the structure and resources of Danish Greenland. 

4. Later Exptorers, — Between 1850 and 1867 numerous 
exploring expeditions, either in search of Sir John Franklin's 
party or for geographical discovery, passed along the coast of 
Greenland, touching here and there at various points, or even 
wintering on the northern part of the country. In addition 
to this many whalers had before and have after this period 
also visited the coast ; but neither the officers of the govern- 
ment nor whaling vessels added much to our knowledge of 
Greenland geology. In the narratives which some of them pub- 
lished will be found various stray notices on this subject, but 
even when these remarks are not the result of the most hasty 
observation and generalisation, few of them added anything to 
our former information derived from sources more capable and 
trustworthy. I do not suppose, therefore, that it is necessary 
for me to refer at any length to the results of these voyages 
further than by remarking that the narratives of the voyages of 
Penny and Sutherland, Inglefield, Kane, and Hayes are the only 
ones in which any information on this topic worthy of remark 
will be found. However, about this period the discovery of the 
economic importance of the cryolite veins in South Greenland 
led to an increased knowledge of the mineralogy of those seo- 

* Om dengeoffrapkUke Beskaffenhed af de danske Handels-distriJtter i Nerd- 
ffrdnland: Udsigt over Nordgronlands G^gnosie (Det Eongl. danske Yideoak. 
Sekkab. Sk, 3 Bind, 1853» p. 71.) In all, Dr. Rink resided twenty-three 
summers and eighteen winters in Greenland. 

f Journal of the Royal Geograplucal Society ^ voL xziii. and vol zxviii. ; 
NaturUstorieke Tideskrift (3rd series), 1852, &c. 

t OrdfUand Oeographiske og Staiiatisk heskreveL 2 vols. ; and Eskimoiske 
Eventyr og Sagn overmtte efter de Infddte fartcelleres opskrifter og Meddddser, 
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tions of the country, and the researches of the late Chevalier, 
Justitsraad C. S. M. Olrik, for many years the Royal Inspector 
of North Greenland, and latterly Director of the Greenland 
Trade in Copenhagen, added not a little to our knowledge of 
the palaeontology of the miocene beds. This I shall immediately 
have occasion to refer to, as well as to our expedition to the 
country in the summer of 1867, of which these notes are the 
narrative. During the summer of 1870 the eminent Swedish 
naturalists MM. Nordenskjold, Berggren, Nordstrom, and Oberg 
visited Greenland, and went over a considerable portion of 
our ground. Their observations* are exceedingly interesting, 
although in some cases I may have to diifer from them. Owing 
to the non-publication of my notest I have in many cases lost the 
priority of discovery. This is, however, a trifling matter, and 
one entirely personal. It is, however, a source of pleasure to 
see that in most cases they have confirmed my observations, and 
where published have noted this fact most conscientiously. I 
shall have occasion to refer to their observations as we pass 
along. In 1872 Dhrr. J. G. Rohde and K. J. V. Steenstrup 
(nephew of the celebrated Danish naturalist of that name) also 
visited Mid Greenland, making some observations} which I have 
incorporated into the map accompanying this paper. Until 
recently the only information we possessed in regard to the 
geology of East. Greenland was in the shape of a few fragments 
of notices of a very vague character in Scoresby's Voyage to East 
GhreeTdcmd, The researches of the German expedition to that 
region have, however, added considerably to our knowledge, as 
I will have occasion to notice when speaking of the range of the 
miocene beds. 

IL — General Geology of Greenland. 

1. Primitive cmd Metamorphic Rocks, — These are chiefly gneiss, 
mica-schist, hornblende-schist, syenite, <fec., pierced by granitic 
veins, and are the most widely distributed of all the Greenland 

♦ Bedogdrelae jot en Expedition till OrUnland At 1870, af A. E, Nordena- 
kjold (Overeigt af K. Vet-Akad, forb. 1870, No. 10, and as a separate publi- 
cation, Stockholm, 1S71). It has been translated, apparently by Professor 
Nordenskjold himself, in The Geological Mctgazitie, July, August, September, 
Octoberi and November, 1872. 

t In the hope that they might be incorporated in a general work on the 
Expedition by my companions and myself. 

X Petermann's Oeographische Milthellungen^ 1874, p. 142. 
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formations, extending from the extreme north to the south of 
Greenland, with the exception of a few patches occupied by 
traps and miocene beds and the Igalliko Sandstone. They reach 
to 4000 feet in height, and form the rock almost everywhere seen 
protruding from beneath the " inland " or continental ice which 
covers the interior of the country. The aspects of the country 
occupied by this rock are, rounded bosses of hills, ice-planed, 
with mossy valleys, or glaciers protruding to the sea. Barely 
does it form the jagged peaks and more varied scenery of the 
trap rocks, though sometimes rising into high hills. 

In this formation are found all the economic minerals of Green- 
land. The only ones of which are of any economic importance are, 
steatite, used to make the lamps and other domestic wai*e of the 
natives, though this manufacture is greatly on the decrease, and 
cryolite, a mineral of great and increasing value. The mineral 
was originally brought to the notice of mineralogists by Giesecke ; 
but it was not until a comparatively recent period, chiefly owing 
to the energy of Mr. Tayler of London, now of Prince Edward's 
Island, and the Messrs. Thomsen of Copenhagen, that its value 
has been properly developed. The mineral derives its name from 
*pvo(, ice, from its property of melting in the flame of a candle. 
It is a crystalline mineral, varying in colour from snow-white 
when pure to almost black when mixed with extraneous sub- 
stances; probably, according to Eriglok, graphite, as the colouring 
matter disappears when the mineral is heated. In chemical 
composition it is a double fluoride of sodium and aluminium, and 
its formula is Na. Fl.J AL^ F1.3=. x Aluminium, 13-0; Sodium, 
32-8 ; Fluorine, 64-2. It is valuable as an ore of aluminium, for 
when melted with sodium the metal is liberated from its com- 
bination with fluorine, the result being aluminium and fluoride 
of sodium. It is now exported for this purpose in great quan- 
tities to America and Europe — chiefly to the cryolite manu- 
facturers of Copenhagen, where it is applied to a variety of 
purposes, a description of which would, however, be foreign to 
the subject of this paper. In 1861 thirty ships were sent from 
Greenland with cryolite. From a recent report by Mr. Paul 
Quale, we learn that the chief veins at present worked are 
situated at Iviktout or Ivigtot on the south side of Arsuk 
Fjord, in South Greenland, in 61° 13' N. lat. and 48** 9' W. 
long. (Green.) The surface of the vein of cryolite was originally 
covered with a layer of earth, clay, and gravel, which being 
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removed the vein is exposed. Its greatest length is aboat 600 
feet, breadth about 150 feet, and the extent about 53,000 cubic 
feet. It is composed of two parts, one close to the Qord, the 
other to the east, and separated by a rock from 5 te 15 feet high 
and about 100 feet broad. It is contained in gneiss crossed in 
several parts by veins or layers running from north-west to 
south. The principal mineral in the vein is of course cryolite, 
but as constant accompaniments are found quartz, iron-stone, 
lead ore, sulphate of iron, sulphur, arsenic, and tin-stone, though 
the last two are very rare. These substances are not evenly 
distributed through the mass, but the cryolite is partly found 
quite clean and unmixed, while larger and smaller quantities are 
found containing more or less of the above-mentioned minerals. 
A strip of the vein only a few feet broad along the south and 
south-west boundary of the same is conspicuous for its richness 
in iron-stone and quartz, but especially for lead ore and sulphato 
of iron. The surrounding mountain is also in certain places — 
viz., along the south-western boundary — strongly impregnated 
with lead ore, copperas, and varieties of arsenic, tantalite, 
molybdena ore and tin-stone. In the cryolite, according to 
Mr. Quale, are found pieces of the surrounding, rock — ^both of 
granite and trap, and it therefore appears that the cryolite is 
newer than the gneiss and the trap— the melted cryolite having 
during its progress torn off part of the latter rocks and enclosed 
them in itself (?). The mine during the winter is filled with ice 
and snow, and all blasting must therefore cease from the month 
of Kovember to April. In the summer and autumn months, 
frx)m May to October, the mine can be worked, except under 
unusually severe climatic conditions, and in this time, with a 
gang of about 50 men, about 5000 tons of cryolite can be had. 
There is considerable difficulty in keeping the workmen in 
health ; but from what I can learn there need be no immediate 
fear of a failure of the mineral, though its distribution is exceed- 
ingly local, being almost entirely confined, except in small quan- 
tities, to the fjord mentioned. Excepting a small amount found 
at Miask, in Siberia, the mineral is confined to Greenland.* 

* In addition to the Report quoted (SmUJuonian Report, 1866) and a Report 
iBBued **0n the Resources of Iceland and Greenland*' by the United States 
government (1868), for further particulars regarding the geology and economic 
value of cryolite, we may refer to the work of Rink already mentioned, and 
the three following works in Danish :— L. Jacobsen*s Ei Aar % Or6nland, 
with sections and plans (1862); £. Bluhme's Fra tt Opkold i Orimland, 1863- 
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Graphite is found in great abundance on some of the islands 
lying off the Greenland coast, but hitherto it has not been found 
profitable to export it to Europe. 

The basalt or trap extends right across the country north of 
69° N. lat., and appears to date from tertiary periods. It is 
particularly well developed in Disco Island and the Noursoak 
Peninsula, covering an area of some 7000 square miles, and 
rising in some places to a height of 6000 feet. Near Disco 
these trap deposits overlie the gneiss. Properly speaking, the 
Disco Bay traps are not masses of lava, but '' consolidated bed$ 
of ashes and volcanic sand" which in time by pressure has 
assumed a crystalline character, a fact pointed out by Nor- 
denskjold, but which also struck me during my examination 
of the same rocks. 

In the peculiarly disintegrating climate of Greenland the trap 
speedily decomposes, and is being rapidly destroyed. With these 
trap rocks are almost invariably associated the miocene and 
cretaceous beds.* 

2. The Red Sandstone. — This was originally discovered and 
described by Pingel,t and is only found in the fjords of 
IgaUiko and Tunnudleorbik in about 6P N. lat. It is prob- 
ably Devonian, but owing to the absence of fossils the age of 
this interesting formation cannot be accurately determined. 
The rock is for the most part firm and hard in structure, 
and is composed of fused quartz particles, as if cs^used by a 
porphyritic eruption. The whole formation appears to be very 
local, but perhaps a part is concealed under the continental ice. 
And here I may remark that the absence or sporadic distri- 

1864 (1865), and Y. Vallo's OrihUand (No. zxxiv. of the Dantke Folkeshrifler^ 
1861), aa well as certain papers by Lieut. Blohme (of which the above work 
by him is mainly a reprint), in the Danish magaziDe Fra alle Lande, voL L 
Many details of the chemical and other characteristics of cryolite and its 
derivative alumininm may be found in numerous reports and communications 
scattered through various scientific periodicals, by Wohler, H. St. Clair 
Deville, H. Rose, Bunsen, Charles N. A. Tissier, J. W. Tayler, C Brunner, 
Salv^tat, Salm-Horstmar, Erdmann, Heeren and Karmarech, N. Debreeq, 
Mallet, Baff, H. Masson, Xobell, Bondet, Schotter, Hirzel, Degousse, Fabian, 
Christofle, Sauerweln, J. Thomsen, Scherer, A. Strange, R. Wagner, Dallo, 
C. Hegemann, and others. Deville has published a separate work, De 
r Aluminium (Paris, 1859), and Tissier, a Ouide Pratique de ia Fabrication de 
V Aluminium. 

* For an excellent description of the basalt of Greenland see Nordenak* 
jold, l.c 

t Afhaand. Videnkab. StUkah. Skrifiery 1828. 
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bution of sedimentary rocks in Greenland appear mainly due 
to the denudation the country has undergone by ice action, as 
I shall have occasion to refer to more particularly when speaking 
of the distribution of the miocene beds. 

3. Ccurhoniferous, — Though coal has been long known in 
Greenland, it belongs to a period much more recent than the 
true carboniferous. In 1870 and 1871, however, the Swedish 
expedition, as well as my friend Dr. Georg Pfaff, the inspecting 
surgeon, for many years resident in Greenland, have discovered 
SigiUaria, a Fecopten8{T), &c., on the Disco shore at Ujarasasuk. 
These fossils, probably belonging to the true carboniferous period, 
have however been as yet only found in travelled blocks, not in 
rocks in situ, so that the existence of the carboniferous formation 
in Greenland is still problematical. They may have drifted in ice 
from the carboniferous strata of Melville Island. One of these 
plants, sent me by Dr. Pfaff, I submitted to the inspection of 
a very competent authority, my friend Mr. Robert Etheridge, 
Jun., F.G.S., Palaeontologist to the Geological Survey of Scot- 
land. The result of his examination he communicates in the 
following note : — " The fossil is unfortunately only a blackened 
cast of the fern itself, all the vegetable matter having apparently 
vanished, except along the rachis, where a little carbonised 
material still remains. Its characters are rendered yet more 
indistinct from the nature of the matrix — a fine grained grit. 
The fern appears to be allied to those figured by Heer under 
the name of Gleichenia, G, Gieseckiana, Hr., G, Zippei, Corda, 
G. Rinkianay Hr., &c., but I think not identical with any of 
them; more probably a new species of either Gleichenia or 
Fecopteria. The whole of the nervation has disappeared, so 
that I think it would be somewhat hazardous to describe it as 
a new species simply on the two specimens in your possession." 
Agreeing with Mr. Etheridge I have not thought it necessary in 
the meantime to either describe or figure it, but on receipt of 
more specimens may do so.* 

4. Cretaceous, — This formation in Greenland has only been 
recently separated from the miocene formation, with which it is 

* The coal discovered by the German ExpeditioD, on Euhn Island, East 
Greenland, appears to be Liassic ; but until these strata are fully described 
in the last volume of the Keport of the Expedition, now in the press, it is 
better to say nothing about them, more espedaUy as I have no personal 
knowledge of the region, and no formation of that age is yet known to, 
exist in West Greenland. 
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associated and was supposed to be a part of. It is, as far as we 
yet know, only found in the yicinity of Kome or Koke, near the 
shores of Omenak Fjord, in about 70'* N. lat., though traces have 
be^i found elsewhere on Disco, Ac The fossils hitherto brought to 
Europe have been very few, and consist of plants which are now 
preserved in the Stockholm and Copenhagen Museums. From 
these there seems little doubt that the age assigned to this 
limited deposit (so far as we yet know) by the celebrated 
palaeontologist. Professor Oswald Heer of Zurich, is the correct 
one. Hitherto our knowledge of it is of the most limited 
and fragmentary character. The British Association, however, 
at its meeting at Liverpool (September 1870) voted £50 for the 
investigation of this deposit; and it is to be hoped that this 
sum, if judiciously expended by some of the intelligent Danish 
officers resident in the vicinity, will go far to increase the 
materials at present at our disposal for the study of the 
cretaceous formation as developed in Greenland. 

5. Miocene. — This formation (called by Rink* "Trap forma- 
tion med Kulfdrende lag''), in West Greenland, is entirely 
confined to the vicinity of the Waigatz Strait. and Omenak 
Fjord, and is the chief subject of this paper. 

6. Quaterruvry DeposUa, — These consist of the peats at present 
slowly in process of formation, and of beds of clay, with scat- 
tered boulders, shells, and other marine remains — the exact 
counterpart of our laminated fossiliferous or brick clays in Scot- 
land. These I have folly described in conjunction with the 
glaciers and inland ice — ^which we must consider in the light 
of a post-tertiary deposit in course of formation — ^in another 
place,! so that I need not further refer to them here, but at once 
proceed to a description of the lithology of the miocene beds. 

III. — Notes op a Coasting Voyage to Explore the Miocene 
Beds of Greenland. 

The existence of fossil plants of a very recent date in the 
strata on the shores of the Waigat Strait was known to 
Giesecke, and is frequently referred to in his journal, but he 
seemed to be entirely unaware of their age and significance — 

* OrSniand, vol ii., app. 136-152. 

+ Quarterly Journal of tJie Oeologkal Society of l/ondon (February, 1871), 
and ** Das Innere dcr Gronland,'' Petermann's Oeog, MUtheil,, 1871. 

£ 
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supposing them to be identical with or nearly allied to the 
ordinary Sorhua a/ucupa/ria and Angelica offici/nalisy a plant now 
growing on some portions of Disco Island.* It was not until 
MM. Olrik and Kink had sent some of the specimens to Europe 
that their nature was apprehended. Subsequently through the 
exertions of Captain (now Admiral) Inglefield, R.N., Dr. Lyall, 
R. K, and Dr. David Walker of the "Fox" expedition- 
aided by M. Olrik, several specimens reached England, and 
these with those already in Copenhagen Museum were, with the 
other Arctic plants, described in Professor Heer*s very important 
work, Flora FoasUis Arctica (1867). A general resume of his 
results are also given by him in the Jowmobt of the Royal 
Dublin Society for 1867.t In the autumn of that year the 
British Association voted a sum of money — subsequently in- 
« creased by contributions from the Government Grant Fund of 
the Royal Society to <£300 — to a committee formed for the 
purposes of investigating this flora more fully, and several 
members of this committee proposed to go to Greenland during 
the ensuing summer with that object in view. Various cir- 
cumstances having, however, prevented that project from being 
carried into effect, the money was handed over to Mr. Edward 
Whymper, an English artist who had proposed visiting Green- 
land for other purposes. Arriving in England from America 
about that period, I was invited by that gentleman to take part 
in the expedition, my share of the duties being that of geologist, 
botanist, zoologist, and astronomical observer. I had previously 
visited the coast as early as 1861. Subsequently Mr. Anthon 
Peder Tegner of Copenhagen, who had passed several years in 
Greenland, joined the expedition at Copenhagen, and in addition 
to several Eskimo, two Danes — Mr. Jens Fleischer (son of the 
Governor of Jakobshavn, our headquarters) and Carl Emil Olsen, 
a "sailor" in the service of the Government, attached them- 
selves to the expedition for limited periods. They however 
took no [share in the collection of the fossils, having left our 
party before that portion of our work commenced ; but I found 
Mr. Tegner a very intelligent and active assistant, and I take 
this fitting opportunity to publicly record my thanks to him for 
his assistance in the more mechanical work of my geological 

* See my '* Florula DisooanA," Introdactioii— Tm?u. Sot, 8oc Edifk^ 
vol. ix. 
t Vol V. (No. xxxvi.), p. 84. 
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duty, as I have already elsewhere * done to him for assistance 
in zoological collection. Mr. E. Whymper (a brother of my 
former excellent friend and companion, Mr. Fred. Whymper, 
now of San Francisco), though unable to assist in my scientific 
duties, was most inde&tigable in preserving our collections, and 
to his care and assiduity in managing such matters may be attri- 
buted the very excellent condition in which they arrived in 
London after their long and stormy voyage of several days in 
small boats to Godhavn, from thence six weeks to Copenhagen, 
in addition to their transit from London to Zurich and back 
again. We arrived in Greenland by one of the royal ships from 
Copenhagen on the 7th of June, but it was not until the middle 
of August that we found leisure to visit the Waigat Strait, just 
before returning to Europe. Our proceedings there, I propose to 
record in the following notes. They are mainly transcripts from 
my journals and notes written on the spot, and were communi- 
cated in short abstract to Professor Heer, who described our 
plants, and published by that gentleman in his descriptive 
memoir in the PhUosophiccd Tra/nsactions for 1869.t Owing to 
limited space and my not having had an opportunity of revising 
the proof, these notes published by Professor Heer are not so 
complete nor so accurately printed as would have been desirable. 
However, the elucidation of my fossil collection by Dr. Heer has 

• Proceedings of the ZoologiccU Society of London^ 1868 ("Mammals of 
GreeDlaDd,** ** PiDnepedia frequenting the Greenland and Spitzbergca Seas,** 
and *'Cetacea of the Greenland Seas'*; also translated in Petermaun's Oeog, 
MiU., 1869). 

t Owing to an awkward mistake, the title of Professor Heer's paper in 
The Philo8ophical Transaclions entirely misrepresents to whom the credit of 
making a collection, which has been considered of sufficient importance to be 
made and published under such distinguished auspices, ia due. I have been 
requested to publish the following most authoritative statement on the 
subject In August 1870 I addressed, at the instance of those who felt 
annoyed at the somewhat unnecessarily dogmatic title of the paper in 
question, the following note to Mr. Anth. P. Tegner, surgeon, who had since 
his return to Europe been residing in Iceland, and had therefore been hitherto 
difficult to be communicated with:— "Dear Sir— Would you, as the only one of 
our companions of the Greenland Expedition of 1869 in Europe, kindly inform 
to whom the botanical, zoological, and geolouical collections and observations 
made in that expedition were due. An answer would oblige, yours faith- 
fully. Hob, Brown.*' " Aug. Slst. Dear Sir,— In answer to your note, I have 
much pleasure in saying that the whole of the scientiiic collections and obser- 
vations made in Greenland in 1867 were made by you. I assisted you in the 
collection of the animals and fossils, as acknowledged by you in your pub- 
lished writings. I am, dear sir, yours faithfully, Anth. Tegner.*' 
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enabled me to present these field notes more fully than would 
otherwise have been possible. If they should present in some 
way a similarity to another outline report of the expedition 
already published, the explanation must be that they relate to 
the same expedition, and that my journals were lent for some 
time to the author of that report, in order to extract what he 
might consider desirable. It will, however, be found that these 
notes are to a great extent original, and as giving the first 
extended account of the stratification of these important deposits, 
may be of some use to geologists at home, or to future collectors 
who will doubtless visit these deposits. After careful considera- 
tion, I think that the most instructive way in which I can 
present them will be to give the notes in the chronological order 
in which they were taken, merely copying them as written in 
my journal of each day's date. Though this method may lack 
the stateliness — not to mention the dulness and slight obscurity 
— supposed by some to be necessary in a scientific document, yet 
I believe that what it wotdd gain in ponderosity by adopting 
a more strictly scientific systematic arrangement, it would lose 
in clearness and intelligibility. As these two qualities are what 
I aim at in this paper, I will proceed to give a narrative of our 
operations, omitting as far as possible all extraneous matter and 
all the personal adventures which such an expedition, under- 
taken on the eve of an Arctic winter in 70° north latitude, 
could not fJEkil to abundantly supply. My botanical and zoolo- 
gical observations have been, to a great extent, already published 
elsewhere.* 

1. Atmuikerdluk, Lat. 70° 02' 30" N. (by my observations, 
Nordenskjold's exactly agreeing), Long. 52° 15' 3* W. — The only 
rocks which present themselves on the shores of the mainland 
of Disco Bay coasting from Jakobshavnf (our headquarters) 
to this locality, are the primitive formations (gneiss) already 
described. They sometimes rise into hills 1400 feet in height, 
but the general aspect of the country is low rounded hills inter- 
spersed with mossy valleys, the hills covered with travelled blocks 
and boulders, and smoothed and polished by ice action. The 
rocks are bare, except where covered with a mossy covering of 

• Trana, BoL Soc., vol. ix., x., Ac.; Lauder Lindsay, Trans. Linn.Soc.^ 1870, 
Froc. ZociL Soc, /.c, <tc. 

t According to my obeen'ations in lat 09' 13' 26' N. (long. 5(^55' 30' W. of 
Greenwich). 
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lichens, while here and there, over places where a peatj soil 
has accumulated, the Arctic birch (Beivla nafna\ willow {SaUx, 
various species), Andromeda, Vaccimun or Crowbeny (Empetrum) 
creep in such unwonted profusion that in the height of summer 
some more &>youred spots seem almost to support the florid title 
which Erik Ranthri gave to the country he was the first Euro- 
pean to land on. Everywhere — in and about and over all — 
the dreary marks of present or former ice action are apparent. 
Looking down from 4ihe hills the eye is chilled in the height 
of an Arctic summer by a dismal little lake with the ice yet 
unbroken on the sur^ax^e, or a little glacier creeping its slow 
way down to the sea, while beyond all stretches the great 
" inland ice" which covers Greenhind like a winding-sheet in its 
icy pall, north and south, east and west, £ftr as the eye can see, 
or the observation of the few explorers who have attempted to 
penetrate it have enabled us to judge; while out in the bay 
in front, the view of the opposite island of Disco is obscured by 
the fleet of icebergs which have poured out of the great ice 
fjord which lies between us and Claushavn, a pleasant little out- 
post which contains our nearest neighbours. Such was the view 
which morning after morning and night after night — for we had 
a long day of more than two months when the sun never set, 
and we often t«med night into day in our scientific excursions 
— greeted our eyes. It was not until the morning of August 
19, that we bid good-bye to Jakobshavn, at the summons 
of Jens Jebbisen the captain of the blubber boat which is 
deputed to convey us to Bitenbenk, the post nearest to the 
miocene deposits, at which we propose working for the rest 
of our stay in Greenland. We take coffee with the hyper- 
borean aristocracy, and shake hands with and say ''far- veil" 
to the assembled '0/ ' mxxoi, who line the shore to see the 
sojourners irom a far-off land bid good-bye, most likely for 
ever, to what had been their temporary home for so long, and a 
long plaintive ''far-vel!" comes wafting after us, as we scud 
before the breeze and leave the ancient and seal-like odour 
of Ilulissat (Jakobshavn), its kindly little fur-clad inhabitants, 
and our hospitable Danish friends, behind us. We sail along 
a low-lying gneissose coast line backed by higher fells, and 
with pleasant-looking birch-clothed valleys with large moraines 
— ^remains of former glaciers which have now retreated, only 
agaiQ to form and fill up these valleys, as slowly and surely 
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the overflow of the inland ice must find its way through these 
glacier-filled valleys to the sea, there to be discharged in ice- 
bergs, there again to be melted,. rise in vapour, and fell in snow, 
the surplus of which will again go to form the feeding material 
of this huge " store of ice and snow," and again repeat the cycle 
of ages gone by. By evening we pass Klokkerhuk, a deserted 
port, but where a house still stands, once a considerable post, 
presided over by an assistant, for the prosecution of the whale 
fishery — a branch of industry now nearly extinct in Disco Bay. 
By moonlight we arrive at Akpaet* (Ritenbenk, Lat. 69"^ 45' 
34' N., Long. 6F 7' W.), and are warmly welcomed by Herr and 
Fru Andersen, the Danish residents, who put every conveni- 
ence in their power to enable us to prosecute our plans, and 
cause us to ever remember Hitenbenk as a pleasant oasis in the 
dreary desert around. Ritenbenk is built on a gneissose islet, but 
yet close behind the colonibestyrer^s house I saw a spur of trap, 
which also appears on the opposite mainland (or more properly 
on the Arve Prince's Island). This was the first trap we had 
seen, though farther to the south (between 62° and 63°) primitive 
trap shews itself on the islsuads. With intervals the tertiary 
traps continue to nearly 76° north latitude. Northward to Sak- 
kak, which is our next halting place, we see nothing but the same 
granitic rocks, which give a light varied appearance to the country 
compared with the gloomy dark trap spurs which give a character 
to the country to the northward. On our way we halted in a bay 
called, as many places in the country are, Niakonak, where are 
the ruined abodes of some former Eskimo settlement. Here Mr. 
Whymper gathered some of the old implements and flint arrow- 
points found everywhere so abundantly in the old graves and 
houses in Greenland. Sakkak is a small outpost presided over by 
Mr. TJdligger Soren Jensen, who has been here for 25 years (ever 
since the chief settlement was removed from here to Kitenbenk — 
hence Sakkak is called Gamm^l ("old'') Hitenbenk) — and is, as 
might be expected under the circumstances, perfectly contented 
with his lot. The whole sea around here was covered with ice- 
bergs, and the shore was strewed with fragments which the dogs 
were eagerly biting to allay the thirst generated by banquets of 
the entrails of seals, numbers of which are caught here, and were 
lying on the shore. Over the cliff behind the settlement, the 

* Written " Agpaat" in Kleinschmidt's Eskimo map of Greenland (**SiDe- 
risaap KAvdiunftkarfiligtA"). 
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inland ice was peeping in a miniature " hanging glacier," and on 
one of the bergs was a huge block of stone, apparently trap, 
which at first sight appeared like a house built on a snow-covered 
island. Most of these bergs seem to have drifted east from the 
Tossukateks ice-stream, though some may have come from the 
Jakobshavn ice-stream, from the Great Kangerdluisoak, Innerit, 
Itilfiiarsuk, Sermelik, Little Kariak, and Great Kariak ice? 
streams on the other side of the Noursoak Peninsula. We 
had now fistirly entered the Waigat of the English whaler? 
the Waygatz of the old Dutch, whose chief whaling ground was 
in Disco Bay, Waigattet of the Danes, and the Ikai-eseksoak of 
the native Greenlanders, and about one o'clock on the morning 
of the 22hd August we arrived with a number of Eskimo— male 
and female — who had joined us at Kitenbenk and Sakkak as 
guides and rowers for our two boats. Here the country had 
all changed since yesterday. Instead of the open sunny slopes 
and round granitic knolls to the water's edge, the shore was lined 
by a sfcrip of sandy beach backed by trap cliffs, rising here to the 
height of 3000 or 4000 feet, and on the other side, according to 
Kink's map, to the height of even 6000 feet, while in white 
transverse streaks in the cliffs the miocene strata, which now 
appear for the first, give a varied appearance to the scenery. We 
at once proceeded to the locality at Atanakerdluk where former 
observers had obtained the fossils, and found it on a sloping bank, 
a little more than 1100 feet perpendicular above the sea,* Here 
the strata have been denuded and disintegrated by the action of the 
weather and of the spring torrents, which must pour from the melt- 
ing snow on the summits above. Everywhere the slope was deeply 
cut into ravines by these streams, and though the exposure was 
sunny and the soil more plentiful than is usual in Greenland, yet 
the sweep of the melting snow had left but little chance of plants 
taking root, and but few were seen, and these of a character 
different from the flora of the gneiss formations farther to the 
south. Beyond the appearance of a few sea-fowl and the sound 
of the bell-Hke croak of the raven {Corvus caraXf Linn.) hovering 
over some native fishing huts at the point, the never-failing seals 
were the only signs or sounds of animated life to be seen. A 
reindeer had been killed at Sakkak a few days before our arrival, 
but this animal is now almost extinct in the vicinity of Disco 

* According to the meaD of three different sets of obflervationA by Cobmb, 
Wbymper, and Nordenakjold, 1154 feet. 
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Bay and altogether on Disco Island, where it was so abundant in 
the days of Crantz and Fabricius. A CoccineUa trifaaciata basking 
in the sun on a piece of rock was the solitary representative of 
the insect life which once sported in the ancient forest we were 
engaged in disentombing from the rocks beneath our feet. The 
fossils were lying scattered about on a flat place near the edge of 
a deep ravine (or, as it would be called in California, a " gulch," 
or in Australia, a '^ gully") down which a creek, called ^'Ekad* 
Ink,"* courses to the Waigat Strait, laying open an excellent 
section, of which anon. The fragments of rock — a description 
of siderite — ^in which the fossil impressions are here almost 
invariably preserved, appear to be the only species of rock 
which, being harder than the seams of shale and sandstone 
alternating with it in the original bedding of the strata, had 
survived their disintegration. Accordingly, although originally 
in thin beds, this siderite being very fragile is now seen in pieces 
varying from a couple of feet square to mere fragments washed 
down frx)m the original strata, and buried in the debris of sand- 
stone and shale which had been arrested on this flat spot (though 
pieces are found all the way down the slope), and got converted 
in a soil bearing the appearance of a pseudo-stratiflcation, partly 
owing to the depositing power of the flood which brought it 
down, and partly to the accidental order in which the soft rock 
(sandstones and shales) of which it is composed happened to be 
deposited. T need hardly say, however, that this bedding has 
nothing whatever to do with the stratification or order of super- 
position of the rocks in which the fossils are now alone found, 
and that the laborious section of the soil in which the pieces 
happen to be accidentally strewed is not of the slightest value or 
use, as those rocks are not in situ. Leaving Mr. Tegner for part 
of the next two days to superintend the grubbing out by the 
natives of the fossils embedded in this clay, I made a section, as 
carefully as time and circumstances would admit, of the whole 
slope along the section exposed by the course of the stream, 
which was now very small, but must during the spring and early 
summer months be a wild mountain torrent sweeping everything 
before it. 

* This is probably connected with the name of Atanakerdluk, whidi again 
means the rocks in the sea— some basalt rocks lying in a skerry off here. I 
used the word creek in the American sense to express a rivulet or burn 
{S€OtUce)^not an iulet of the sea, as used by naval surveyors. 
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(«.) Section along (he Cov,r8e of the Creek at Atanakerdluk: General 
Strike of the Strata E,N.E,y Dip as noted, 

1. 6 feet (?) sandstone, medium grained, dip 32^. * 

2. Bhalj coal (1), 10 inches. 

3. Seam of lignitic coal, 14 inches. 

4. Shale with faint vegetable impressions, 16 inches. 

5. Hard clayey shale, broken into splintery angular pieces, 10 
inches. 

6. 20 feet black shale, faint vegetable impressions. 

7. 16 feet fine grained sandstone, with brownish specks (ironf), 
dip 26^ 

8. Soft shaly seam, interstratified with sandstone in thin scaly 
layers, 6 inches. 

9. 6 inches of sandstone in scaly layers. 

10. 1 inch shale. 

11. 18 inches fine white sandstone. 

12. 8 inches soft shale. 

13. 11 inches slaty coal, dip 28^ 

14. Soft black clay slates, 3 feet. 

15. Soft white sandstone, 3 feet. 

16. 4 inches soft black splintery shale& 

17. 2^ feet hard sandstone. 

18. 3 feet white sandstone. 

19. 2^ feet bed of splintery shala 

20. 10 inches of soft sandstone shale. 

21. 4 feet splintery shale, rather indistinct, as at this spot the 
section is hidden by debris from the cliff above. 

22. White soft sandstone, medium grained, 3 feet. 

23. Splintery shales, 6 feet. 

24. Fine grained brownish sandstone, 5 feet. Dip 27^*. 

25. Shaly beds, intermixed with a few small fragmentary 
layers of sandstone and hard shale; but at this place the section 
is indistinct, being covered with debris. I estimated the depth 
of these beds to be 150 feet, but it is almost unnecessary to say 
that the depth of all the great beds is only an approximately 
accurate estimate. 

* What this sandstone rested on» or if this was the whole extent of its 
thickness, I could not be certain, as it was concealed by the debris brought 
down by the creek. Most likely it rested on trap. 
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26. 4 feet white sandstone. 

27. 60 feet splintery (1) shale. 

28. 5 feet white sandstone, dip 43^. 

29. 8 feet shale. 

30. 16 feet brown sandstone. 

31. 3 feet soft hard shales. 

32. 5 feet white sandstone. 

33. 28 feet black splintery shales. 

34. 4 feet harder shales. 

35. (?) brown sandstone. 

This brown sandstone I could see exposed here and there, but 
the section at this place for a perpendicular height of about 150 
feet became concealed by debris, bo that I can only state this 
portion provisionally. 

36. At this place a seam of white sandstone was exposed in 
either cliff, depth about 30 feet as far as could be seen. Dip 
40^ Here a dyke of trap intersected the beds right across the 
creek to the other bank, and could be seen cutting across the 
strata in a course N. 43^ E. Mag., standing out in bare exposed 
wall-like masses of an average breadth of 12 feet, and the angle 
at which it appears in the strata was about 5^. This dyke I 
mark " A." 

37. Between the last bed and the trap was a mass of debris 
concealing the section, but to all appearance the bed was in con- 
tact with the igneous rock throughout. The rock was a brownish 
sandstone, 8 feet in thickness. Dip as above. I examined where 
this sandstone came in contact with the trap, but the metamor- 
phosis was little. In some cases the sandstone enclosed small 
pieces of the trap. What does this mean 1 This brown sand- 
stone has altogether, on either side of the dyke, an average 
thickness throughout of 30 feet. 

38. Here on the opposite (southerly) side of the creek were 
several feet of shales interbedded within seams of coal and sand- 
stone, exposed. I could not trace them on the northerly side for 
debris. 

39. Hard fine sandstone, 3 feet. 

40. Soft crumbling shales, 16 feet. 

41. «. Thin seam of sandstone. 

/9. Scaly sandstone, with black shales. 
y. Thin layer of sandstone, 
d. Laminated sandstone. 
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f. Layers of sandstone. 

i. Irregular bed of black shale, yery thin. All the seams 

enumerated above are mere layers, but are tolerably 

distinct 

42. The section here becomes a little indistinct, but shews 
about 40 feet of gritty sandstone (white), with brownish (ironi) 
stains at the lower portion, and intermixed with an irregular 
seam of conglomerate. Dip 27^. 

43. Reddish sandstone, but difficult to say if distinct from the 
last (42). On this I found an alkaline efflorescence, apparently 
the same as the '^ alkali" of the American wastes near the Rocky 
Mountains. 

44. 40 feet clayey splintery shales. 

45. 3 feet greyish sandstone, tinged with specks of oxide of 
iron. 

46. Black splintery shale, of small depth. 

47. 5 feet sandstone. 

48. (At this point I take the section from the southerly side 
of the creek, the northerly side being obscure.) Here 8 feet of 
shales and sandstones, alternating in beds of from 1 to 2 inches 
in thickness, were exposed. The topmost layer is a black soft 
seam, partaking of the character of slaty coal (4 j feet), but not 
clear. Dip of bed 28^ 

49. 7 feet fine brown sandstone was apparent, but the bed was 
a very broken one, and not continued with any regularity. 

50. Seam of slaty shale, 4 feet. 

51. 7 feet hard black sandstone shales, with indistinct vege- 
table impressions. 

52. 20 feet bed of shaly seams, alternating with thin layers 
of sandstone, in one instance reaching the thickness of 16 inches. 

53. Fine (?) white sandstone, with (near the top) slight layer 
of black matter, looking like coal, and shaly matter, mixed as 
in bed 52; 6 feet. 

54. 30 feet of irregular seams of brownish sandstone, slaty 
shales, and I inch of soft slaty coal. These layers are so irre- 
gular that I cannot properly tabulate them. 

55. 6 feet brownish medium-grained sandstone, dip about 39^. 

56. Shaly slates, &c., 35 feet. 

57. White gritty sandstone, dip 37®. 

Here another trap dyke ("B") cut across at an angle /of 8^. 
At one time it must have extended in an unbroken wall right 
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across the stream, but it is now as at '' A" dyke, broken by the 
torrent which now tumbles over it in a pretty waterfall. Gene- 
ral course of this dyke is S.W. and N.E. ; average breadth 6 
feet. The rock contiguous to it (on the further side) is the same 
as 57 bed (indeed only a division of that bed). This dyke also 
cut across 58, 59, and a portion of 60 beds. 

58. Black shale, irregularly bedded with small irregular seams 
of sandstone which cannot be tabulated. 

59. Six feet white medium grained sandstone. At 59 bed 
this is now again continued on the north side of the creek, where 
it is more distinct than on the south side. 

60. 3 feet black splintery scaly shales. 

61. White sandstone, 3 feet. 

62. 10 feet irregularly bedded shales and sandstone mixed — 
very faint fucoid-like vegetable impressions. 

63. 25 feet white sandstone, 31^ dip. 

64. An irregular series of thin beds or layers, which may be 
tabulated as foUows : — 

«. 4 feet splintery shale. 

/8. 4 feet white sandstone. 

y. 8 feet irregular shales and sandstone. 

2. 4 feet white sandstone. 

Black shale. 
^. 4 feet white sandstone. 

C 6 feet irregular shales — ^topped by a small seam of softer 
splintery clay shale. 

65. 25 feet (estimated) thickness of white sandstone. 

66. 10 feet black splintery shale. 

67. Bed 18 feet thick, commencing at the bottom with beds of 
shale, and ending superiorly in brownish sandstone with slight 
seams (1 inch thick) of shale. 

68. 20 feet soft scaly layers of shales, the uppermost one a 
more perfect slaty seam. 

69. 12 feet hard grey sandstone. 

70. 5 feet laminated slaty shales. 

71. 10 feet hard greyish sandstpne. 

72. «. 3 feet shales and sandstones. 
/9. 6 feet sandstone. 

73. 8 feet laminated shales and sandstones. 

74. 8 feet hard grey sandstone. 

75. Bed 80 feet in thickness, composed of irregular shales, 
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sandstones, &c., so high up as to be indistinct, and below I could 
not trace it, being covered by debris. I counted in the portions 
exposed three beds of sandstones and four of shale. 

76. Coal, 1 foot 

77. White sandstone, 2 feet. 

78. Splintery shales, 4 feet 

79. Hard greyish sandstone, 20 feet. A narrow spur of trap 
from " C" dyke runs perpendicularly through this. 

80. Many irregular seams of sandstone, shale, &a, to the thick- 
ness of about 25 feet 

81. Hard grey sandstone, mostly washed by the torrent 
Between this and 82 a trap dyke " C" runs. Its course is N. 

Mag., rising in the direction of Atanakerdluk Basaltic Head- 
land, intersecting the beds at an acute angle, and about at right 
angles to "A" and "B" dykes. 

82. Irregular beds of sandstone, shales, to about 45 feet 

83. Grey sandstone, 8 feet. 

84. Brownish, hard grey sandstone, 4 feet. 

85. Black shaly coal (?), 6 feet. 

86. White gritty sandstone, with perhaps a layer of shale in- 
tervening, but I could not trace it satisfactorily, 60 feet. Hitherto 
the valley of the creek (for the stream at this time was small), 
which was about 200 feet wide at the mouth, and had been grad- 
ually contracting, rendering progress more difficult, now again 
opened out, but I found myself unable to trace the beds farther 
in this branch. I now travelled about 200 yards north, and came 
on another branch of the creek, which unites with the first at dyke 
"C"y where I could follow the section again, but the day getting 
late I was more hurried than I could have wished, and had 
therefore to be less minute in the enumeration of the beds than 
previously. They may be summed up as follows, taking the 
enumeration first where I left off: — 

87. Here was exposed from the bed of the creek, to near the 
pinnacled summit of the hill, where I had made a minute section 
the day previously, about 80 feet of beds composed of brown sand- 
stone, shales, clayey iron-stone, or siderite (in which the fossil 
impressions are chiefly found), coal,' &c. In ascending order 
they were as near as need be as follows : — 

a. Splinteiy shales 12 feet 

b. Bed of coal, 2 feet 

c. Laminated hard shales intermixed with splintery, brown (?) 
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sandstone (gritty), but at this place there was much debris oyer- 
Ijing the section, and the sequence could not be very clearly 
made out. 

d. White gritty sandstone, 

6. 2 feet of the clayey sideritic shale — ^the same as the 
fossil leaves are found in, but it could not be reached except by 
great and long labour. 

/ Irregular shales, 10 feet. 

g. About 20 feet of irregular shales with pieces of broken 
layers of coal scattered irregularly through it. 

h. Shales, <kc., with little pieces of very lignitic coal irregularly 
scattered throughout the mass. This bed was some 10 feet in 
thickness. 

I now came to the place where I had made a very minute section 
the day previously, and for the purpose of shewing the minute 
bedding of the layers of stratified rocks (shales, sandstones), <fec, 
here I may be allowed to give it in detail, classing all the beds 
under the general heading of — 

88. Many thin beds of sandstones and shales. 

(1.) A few inches of sandstone. 

(2.) Thin layer of clayey shale. 

(3.) Thin layer of sandstone, same as (1.) 

(4.) 1 inch layer of sideritic clayey shale, same as the 
fossil impressions are in. 

(5.) Sandstone, as before, 1 inch. 

(6.) Shaly layer, 1 inch. 

(7.) Sandstone, 2 inches. 

(8.) Shaly layer with pieces of coal. 

(9.) Sandstone.* 

(10.) Thin layer of clayey ironstone, same as fossils are con- 
tained in. 

(11.) Scaly layer of shale. 

(12.) Sandstone. 

(13.) Scaly layer of shale. 

(14.) Thin seam of coal. 

(15.) Sandstone, 1 foot thick. 

(IG.) Shales, 6 inches, with a broken 

(17.) Thin layer of coal in the middle. 

(18.) Layer of clayey siderite with fossils, 2 inches. 

* When the thicknees ia not mentioned it ia to be presamed that there 
was >a mere trace. 
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(19.) Sandstone, 1 foot. 

(20.) Shaly layer mixed with fragments of coal, same as (6.) 

(21.) Excessively splintery slaty layers with very faint fossil 
impressions. All these layers were much weakened. 

(22.) Thin layers of sandstone with a small broken seam of 
coaL There are 4 inches of sandstone, but mere fragments of 
coal. 

(23.) Splintery shaly layers with very faint fossil impressions. 
The shales crumbly away in the hand — a few fragments of this 
sideritic shale are found on the top. 

(24.) 1 foot coarse-grained white sandstone, as before. 

(25.) Layer of splintery shales, as in (23.) 

(26.) Coarse gritty sandstone, 14 inches. 

(27.) Splintery shaly layers, 18 inches (as in 23), with faint 
vegetable impressions. 

(28.) Coarse gritty sandstone, un^ here cmd there liUle specks of 
coed m the sandsUme. Much of this sandstone contains iron, and 
the exterior is much stained by oxidation, but irregularly in 
patches. 

(29.) 3 feet splintery shaly layer with imperfect vegetable 
impressions of same nature as before. Some portions of this 
bed are in bluish-black layers, others reddish, but the traces 
of vegetable impressions are equally distributed and equally 
imperfect. 

(30.) A seam half coal, half shale, 1 inch in thickness, but very 
indistinct. 

(31.) Coarse gritty sandstone much oxidised, 4 feet. 

(32.) Splintery shales with faint impressions of leaves, <&c., 
but so brittle that I found it impossible to get them, the shales 
crumbling into minute scale-like fragments when touched. 

(33.) 4 feet of gritty sandstone mixed with thin layers (not 
exceeding 2 inches) of shale as before, but so irregulsu: as scarcely 
to be classed as separate. I counted eight pretty distinguishable. 

(34.) 2 feet splintery shale with fiaint vegetable impressions, 
but the stone (as before remarked) not of a nature to retain 
them. 

(35.) White gritty sandstone, 8 inches. This layer is not 
oxidised or weakened. 

(36.) 1 foot gritty sandstone without oxidisation. 

(37.) Thin layer of shale. 

(38.) 2 feet gritty sandstone. 
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(39.) Shaly layers, about 3 inches. 

89. The bed here shews sandstone on the top, but its inferior 
termination could not be traced very distinctly, it being covered 
with talus from the hill above, but to all appearance the section 
followed the same sequence as before, for 2 feet. On climbing 
up to a place where I could again get a section free from the 
debris of shaly splinters, I found that shale seemed to predomi- 
nate, and the ground was, as below^, scattered with fragments of 
the cherty iron-clay idate so frequently referred to as the matrix 
which has preserved the fossil impressions so well. Nowhere 
-were the layers of this last named rock more than I or 2 inches 
thick, and on lifting it, it broke into squarely angular fragments, 
rendering it very difficult to get anything but fragments of the 
larger leaves. This bed might possibly be in perpendicular 
depth 100 feet, and when it was possible to get the dip their 
angle of inclination appeared to be about 30°, strike E. These 
beds were succeeded by 

90. Miscellaneous irregular beds or schists of sandstone and 
shale again, consisting of — 

(1.) Layer of fine sandstone, 10 inches. 

(2.) Layer of same shaly substances as before, and of the same 
splintery nature, 5 feet 

(3.) A layer not very distinctly marked of shaly sandstone, 
10 inches in thickness. 

(4.) Shale beds, 6 feet. 

(5.) Layer, as in (3.), of shaly sandstone, 8 inches. 

(6.) Splintery shaly bed, 8 feet. 

(7.) Shaly sandstone, as in (3.), 10 inches. 

(8.) Splintery shaly beds, 1 2 feet. 

(9.) Shaly sandstone, 8 feet; but between the last two I 
counted five seams of an average thickness each of 1 inch of 
sandstone, one or two of which are gritty. They were however 
indistinct, and sometimes attached to pieces of the cherty iron- 
clay slate, siderite (" Atanakerluk-stone" of the Greenland Danes), 
' which is nearly of the same nature as the shales, and in some places 
occupies the same relation to the sandstone as does the latter. 

(10.) Splintery shale, 8 feet. 

(11.) Broken layer of fine sandstone shale, as in (3.) 

I had now reached the summit of the hill, and beyond this 
my section does not extend into the Noursoak Peninsula. The 
talus of splintery shale and sandstone now rolled down on the 
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Opposite slope into a hoUow from which another hill ascended, 
and as far as could be seen the same nature of country prevailed 
through the peninsula — ^bare hills jagged into fantastic shapes, 
or more ofbeu rounded bosses of the trap-eruption, which gives 
the character to this peninsula. This hollow was green with 
vegetation, and the melting of the snows ran coursing through- 
out it in icy-cold streams. On the contrary, the slope facing the 
sea, denuded every summer by currents which pour down its 
face (and which have broken up the soft shales and sandstones 
into the sand-clay out of which we dug the cherty iron-clay slate 
containing the fossil impressions, the nature of this rock enabling 
it to withstand the disintegrating influences which had reduced to 
their original elements the softer strata with which it had origin- 
ally been co-embedded), was bare of plants, except a few stunted 
specimens of ScUix arctica and such like hardy plants, which had 
managed to hold their footing in the soil. I now travelled some 
little distance inland, expecting to find the geology to be similar, 
but I could see nothing but the trap hills I have referred to, 
the slope and base strewed with a talus and blocks which had 
tumbled from above, rent by the frosts of winter. This trap 
where it bursts through the strata, often stands out in the bare 
weathered dykes which I have spoken of and noted in their 
proper place, surviving the wreck of the sedimentary strata which 
had once clung to them. These dykes run in regular lines inter- 
secting the strata obliquely. One of these weather-beaten masses 
is quite picturesque, standing bare and solitary in an obelisk- 
like pinnacle, on the slope facing the amorphous basaltic head- 
land of Atanakerdluk, which is only connected with the main- 
land by a sandy neck. As this peak forms a remarkable land- 
mark from sea, I may be allowed to designate it as Rink's 
Obeliskf in memory of my friend Dr. Kink, the ablest geo- 
logist who ever visited Greenland, and the discoverer of the 
fossil beds, though he did not seem to be aware of the importance 
of this observation. The height of this obelisk is about 80 
feet, and the side next the hill seems almost as if built, but the 
one facing the sea is more sloping and jagged. On various 
places on this declivity, I saw travelled blocks of grey syenite 
and one or two of greenstone (different from any of the trappean 
rocks of this vicinity), and as the rocks from which they have 
come cannot be found in situ in this vicinity, their presence here 
is possibly due to ice-action. I may note, however, that nowhere 

p 
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in the vicinity did I see any dLstlnct marks of the country 
having been overlain with ice, and to this may be probably due 
the fact of the soft sedimentary beds alone remaining in this 
section of country, while in the rest of it, which everywhere 
bears marks of ice-action, nothing but the hard bare primitive 
rocks remain. From this point we had a fine view of the 
opposite shores of Disco and the top of that island, called '' Keker- 
tarssuak " by the Greenlanders.* From -where I stood it seemed 
as if the cliffs. terminated abruptly — ^though in reality there is a 
considei*able slope between the foot of these cliffs and the sea — 
and that the surface of the island is flat and covered with a 
met de glace, apparently only a miniature of that covering the 
mainland, with its overflow bursting over the clifis in glaciers. 
The late Inspector Mbller, when his boat was destroyed on the 
Disco shore south of this by the reflux of the sea caused by the 
capsizing of a berg, reached Godhavn by walking over this 
interior ice. 

In Professor Heer^s paper "On the Miocene Flora" in the 
Jowmal cf ike Royal Dublin Society {L c), a sketch is given by 
Commander Colomb, RN., of certain fossil stems which he and 
Captain (Admiral) Inglefield, E.N., saw in this locality at the 
time of their visit. I searched very carefully for them, with 
their description in hand, but could nowhere see them. There 
had apparently been a landslip in the neighbourhood of the 
place where they describe them as standing, and they are doubt- 
less buried under the debris. They are certainly not there 
now.t Capt. ColomVs sketch is in general intelligible enough, 
but if done on the spot I cannot understand some parts of it. 
There is no coal to the left. After collecting a large quantity of 
fossils here, and getting them laboriously carried down to a 
roofless house used at one time to contain the coal, which it 
was proposed to mine in the vicinity for the use of the 
settlements in Disco Bay, I walked southerly along the 
coast in the direction of Tartarak, the southern headland, 
to examine certain sections in that vicinity. An old Eskimo 
woman accompanied me as bag-bearer and general- hench-u^oma?t. 

* On the authority of Hr. S. Kleioschmidt's Eskimo map of Greenlaud 
(Sinerissap KavdlundkarJUffta), Th. Bergh, KjobenhavDi 1870. 

+ NordeDskjold describes bitumiDised stems fonod in this locality by him 
with the roots so permeating the soil as to leave no doabt but that they grew 
in situ. 
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In sight of the camp she was exceedingly demure, but no sooner 
did a projecting cliff put us beyond the reach of any scandal 
than my venerable "gilly" commenced a most voluble talk 
in Eskimo and very dubious Danish, with a few English 
words which she had picked up somehow or other, and very 
proudly dragged in on every conceivable occasion. As might be 
expected, my linguistic accomplishments not being so extensive 
as hers, I failed to benefit by the whole of the never-ending dis- 
course with which the good lady favoured me as we jogged 
along in the most friendly manner. I learned, however, that she 
was rather astonished at my pursuits — though she understood 
that their general intention was reputable, for did not the Eoyal 
Inspector, Mr. Olrik, and Mr. Andersen of Ritenbenk, the two 
greatest men she had any personal knowledge of, not even except- 
ing the naiagak-soaky with whom she had the honour of conversing 
— occasionally amuse their lighter hours with similar recreations ? 
On the whole, however, she held rather a poor opinion of geolo- 
gists in geTieral, and couldn't really understand why they left 
good coal (aumarssuit) alone, and took those stones — ^most of all 
why we should take the trouble to put them in paper, which 
doubtless cost some money in Kjobenhavn ! Still there was no 
accounting for the foibles of white men, for did not they erect 
a house with a roof on it to keep the coal from the weather, 
after it had lain there exposed to the weather for innumer- 
able years 1 And then, as this piece of cheap learning did not 
seem sufficiently to impress me, she informed me that I need 
not doubt it, for she heard Pastor Balle say so. Sketching the 
strata, using the compass and clinometer equally astonished 
and disgusted her, and volubly did she express her opinion 
on men and things geological, until the camp came again in 
view, when suddenly she was as demure as possible. How- 
ever, all night long I heard her describing the wonders of that 
day's journey — what she send and what / did — and all the par- 
ticulars anent and touching said acts and words : I expect she 
is talking yet. The result of our conjoint labours were the 
following sections :— 
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(fi,) Section about 1007 j/ards S,E. by S, {Mag,\ from Houae at 
AtamaJcerdlvk in cliff facing the tea.* 

1. Brown sandstone, 2 feet, dip 33^ (on the top). 

2. Seam of clay slate and slialy coal, irregular thickness, aver- 
age 8 inches. 

3. Seam of coal, 2 inches. 

4. Scaly shales, 6 inches. 

5. Whitish sandstone, stained with brown, 2 feet exposed. In 
the clay slate &int impressions of plants appeared, and in the 
sandstone where it joined the slate, but so imperfect as not to be 
distinguishable except as charred spots (I use the term shale 
and clay slate here synonymously — ^the latter is however used 
when the rock to which it is applied is rather firm). Most likely 
bed No. 5 is No. 1 of the section («), but this bed (No. 5) becomes 
obscured by debris and pieces of trap fallen from the dyke "A", 
which extends here right across the strata. Farther along No. 1 
is again exposed along with shale, and can be traced for some 
little distance, but it soon drops out off sight. The sandstone No. 
6 here becomes fully exposed to a thickness of 6 feet, interstrati- 
fied with what I call sandstone and shale, succeeded by 16 inches 
slaty lignitic coal ^ith fiEdnt impressions. This is again topped 
by 8 inches of white sandstone, succeeded by 3J feet of slaty 
shales, pale grey and black; again 4 feet white soft sandstone, 
interstratified at the top of the seam by a thin seam (2 inches) 
of sandstone and shale mixed. This is topped by black shales, 
here dwindling away to 6 feet, though doubtless from their 
position and dip it is one of the thick beds exposed up the 
creek. The bottom of this bed of shale is a slaty descnption of 
coal, separated from the sandstone beneath by 2 inches of shale, 
but the beds cannot be separated. After proceeding along the 
beach for 1^ mile (English) the trap dyke appears coming down 
perpemdicularly through the strata, and sending a transverse vein 
to interstratify between sandstone and the sandstone and shale. 
Previous to this — i.e., more northerly, another perpendicular vein 
comes down from dyke "A" in the same direction (S.E.), but not 
so well marked. The angle at which the spur of trap interstratiiies 

* This I ooDuder the same as the Beries up the creek previously described 
(a), the. lower beds however, owing to the dip being exposed here, farther 
down that at the mouth of the creek. 
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ifl 61^, but it keeps the same angle throughout until it ends in a 
protruding knob. The strata are slightly tilted at the line where 
the dyke spur cuts through them ; on the northern side the dip 
of this white sandstone being 47^ S., while that of the strata on 
the other side was 61^ (or the same as the trap spur) and dip- 
ping slightly northward. The strike of all the strata is how- 
ever the same (N.E. Mag.). The white sandstone mentioned 
resumes its former dip on the other side, and there does not 
seem to be deflected by the dyke. The sandstone referred to 
is a coarse gritty rock, and, as formerly remarked, when in 
contact with the trap rock, does not seem to have been much 
metamorphosed, though doubly in contact * ; indeed only to such 
a small extent as to render the traces of this a matter of much 
nicety. In some places on the line of contact between the two 
kinds of rock, the trap seems, if the phrase may be used, to take 
the character of the sandstone, being soft, crystalline, and easily 
broken with the hand. On the other hand, the grit in contact 
with the trap does not seem to difler from that in the normal 
state, but in most cases to have been melted by the heat, a thin 
glaze being formed on the surface. The height where my whole 
section extends, ifl about 1,180 feet (by aneroid), t and the sec- 
tion is continued pretty uniformly, as I have given it, N. and S. ; 
though, of course, on the surface facing the sea the strata were 
denuded in many places. In some places from the height, I sup- 
pose that a similar section, following a similar uniformity and 
alternation, could be traced farther than even this, (say) 1,200 
feet, for wo could see the strata northwards in the cliffs at a much 
higher elevation than this. Time, however, would not admit 
of my making the necessary explorations, though months could 
be most profitably spent surveying the Noursoak Peninsula and 
Disco Island. I do not suppose, however, that even had we 
been able to follow up this section, that the observations made 
at a greater height would have materially altered the conclusions 
regarding the alternations of coal, sandstone, and sideritio shales, 
made on the section already observed and here described. How- 
ever, these lines of the white stratified rocks running in relief 
against the black basalt cliff bursting through them, are very 
plain, and a curious feature of this coast. There appear to be 



* Nordenskjold anbaequently noticed the same fact 
t As noted by Mr. Wliymi)er {vide note on p. 71). 
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occasional &ults in the strata, but the distortions by trap erup 
tions are little.* 

2. Ouiarasukmrnitok. Lat. 69*^ 51' 2" N., Long. 52® 19' 6' W. 
(Nordenskjbld). — We leave Atanakerdluk on the 24th of August 
and cross to the Disco shore, where at a newly established out- 
port of Ritenbenk we are hospitably received, in the absence of 
the trader in chargef , by Paulus a native catechist. Paulus is a 
hospitable man, and grins from ear to ear as he conducts us through 
the gaping crowd of natives who assemble to look on what were 
no doubt to many of them the first Englishmen they ever saw. 
We sleep that evening on the floor of Paulus' hut, and without 
wishing in the smallest degree to disparage the kindness of that 
worthy man, his buxom wife, fair sister, Ave children, brother- 
in-law, and numerous other kinsfolk, who all shared with us the 
floor of the mansion in question, we consider it a duty to all who 
may succeed us, to record in this place, that before morning we 
appreciated the inestimable blessings which ozone confers on 
asphyxiated mortals. I have certainly slept in many strange 
places in many parts of the world ; but the amenities of the hut 
of Paulus, the Eskimo catechist of Ouiarasuksumitok, were such 
that until the end of time I am not likely to forget my ex- 
periences of it. Ouiarasuksumitok is a pleasant sunny place, 
built on a flat, backed by great fells of trap (greenstone), and 
rocks of the same primitive formation lie in the sea a little way 
off" the shore. A little way north of the settlement, I saw " pig 
rootings" (as Giesecke forcibly, though perhaps not very elegantly, 
styles the Greenland coal mines in his day) in the cliff at the 
water edge. The section exhibited sandstone, a small seam of 
shale, 2 feet of lignitic coal of a poor description, though the 
natives burnt it in their stoves; the whole resting on trap. 
Ouiarasuksumitok means the place where the coal is mined out, 
and was chiefly built for the convenience of the coal mines at 
Ounartok. It is also called XJjararsusuk.l It was in a boulder 

• From the examiDation of some fossils from the lower strata at Atanakerd- 
luk, Dr. Heer is of opinion that possibly these lower beds may belong to the 
Upper Gretaceons. The fossils on which he founds this opinion are Cycadites 
Dicksoni, the frequent occurrence of ferns, a Sequoia allied to S. Reicheiibachn^ 
and a Credneria. They have not yet been described. 

t This ofBcia], generally a cooper or carpenter, is a sub-trader under the 
nearest '*Colonibest]nrer" (best man of the colony, or district governor), and 
is styled by the Danes an ** Udligger,'' "out-liver," literally, though most 
amusingly translated in the Oeol Mag, (Ic) as ** emissary"). 

t Some confusion seems to have arisen in regard to these names. In Pro- 
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in this locality that Dr. Pfigiff found a SigiUaria and Pecopteris (1) 
probably of carboniferous age. 

3. Ounartok {Ritenbenk Coal Mine). — Three hours pull north of 
Ouiarasuksumitok is a creek of this name, where we next pro- 
ceeded by the direction of Paulus. This part of the coast is 
called on Rink's map "Ritenbenk's Kolbrund** or Ritenbenk 
Coal Mine, as I have given it on the map attached to this paper. 
Here we halted, as Paulus told us there were fossils and amber 
here ; but on further inquiry it turned out, as Eskimo evidence, 
even of more than ordinary trustworthy sort, almost invariably 
does, not altogether to the point, for he knew of no fossils, and 
had only seen one or two small bits of amber (retinite) in the 
coal. A few days before our arrival some coal had been taken 
from this place for the Disco Bay settlement, and I examined 
the place where it had been mined. It exhibited shales resting (1) 
on trap, topped again by medium grained white sandstone, 
this apparently covered by coal (for along the beach there was a 
face of 3 feet of lignitic coal exposed, though the floor was of coal, 
and therefore the seam appeared to extend to a still greater thick- 
ness), covered again by 1^ foot of shale, this by 10 feet of coarse 
brownish grit, then 2 feet of hard brownish sandstone, finally 4 
feet hard grey sandstone discoloured in some places by iron. On 
this alluvial soil rested some. stratum or strata, haying however 
to all appearance been denuded. The dip of these strata was 
about 33^, the strike easterly (across the Waigat). Both the 
shaly sandstone and grit contained innumerable impressions of 
stems, interlaced in every direction, more particularly in the 
shales ; but as at Atanakerdluk (nearly opposite) there were no 
leaves, and most of the stems in the shales appeared only like lines 
of charred wood. What is called Ounartok is probably what was 
once a native '^ house-place," and it is yet a favourite camping 
place for wayfaring men who, like us, now and then (rarely indeed) 
visit this solitary coast. Here a gurgling creek falls into the sea. 
Much debris has been brought down by this creek as it dashes from 
the mountains and the interior ice through the sedimentary 

feasor Beer's paper in the Phil. Trans., l.c., Ounartok is repeatedly called 
by the two names of Ujararsuk and Ouiarasnksumitok, while that of 
Ounartok applied to the locality where the coal is at preaerU mined, is never 
mentioned. The two localities are totally different, and are named as I have 
given them, my authority being the very sufficient one of mine host, the 
intelligent native catechist who resides there, and who wrote them down 
in my note-book as above. 
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strata which lie in its waj. In pieces of brown sandstone, &c, 
in this debris, Gudeman and Pavia, two of our native boatmen, 
found fair impressions of leaves, though these had not been 
hitherto found in this stratum. It was this Gudeman, a remark- 
ably intelligent and remarkably dirty native, generally styled 
Diogenes in our party, from the fact that his house, if not a cask, 
had at least one for a chimney, and that in Cynical philosophy, as 
well as in dirt, he somewhat resembled the ancient of that name, 
who discovered the fruit of the magnolia (J/. Inglefiddi, Hr.), which 
was not the least important item of our collection.* M. Olrik 
however, according to a note in my possession, written by himself 
in my note-book (April 25, 1867), found leaves in the sandstone 
at Ouiarasuksumitok. I followed up these impressions found in 
the brown sandstone by the two natives, and discovered the rock to 
have broken out from the little stratum of hard brown sandstone 
in which, as well as in the sandstone and shales already noted, we 
discovered fossil impressions, but hitherto very imperfect. These 
comprehended dicotyledonous leaves (Popuhia, probably F. 
Jiichardsonif Hr.) and fronds of Aspidium Meyeri, Hr. and A. 
Heerii, Ett. ; but it was very difficult to obtain pieces of the rock 
on account of the superincumbent mass of strata, which it would 
scarcely have been in our power to blast out. Finding that very 
little more could be done at Ounartok, we left that same evening. 
All the way north to Kudlisaet, the sedimentary rocks, backed 
by basalt in terraced cliffs, appear on both sides of the Waigat, 
until about one mile south of Kudlisaet they are obscured by 
an immense talus (?) of trap fallen from the hills, looking like 
the refuse of some gigantic quarrying operations. We arrived at 
Kudlisaet after dark, very cold, and camped on a flat place just 
above high-water mark. On the cliff above, on a great trap block, 
were erected some stones, the work we were informed of some 
English ship's crew (perhaps M*Clintock*s). 

4. Kudlisaet Lat. 70° 5' 35" N.t— This was our most northern 

* Both he and Pavia (nativeB of Sakkak) were capital assistanta, and I can 
safely recommend them to any other travellers who may require native 
assistance* Both are rather Uzy, bat that is a national, not an individual weak- 
ness, and in this they are not worse than their fellows who are not as 
intelligent. 

t In the map attached to Professor Nordenskjold's memoir, already quoted, 
Kudlisaet (Eudhset) is apparently applied to a locahty in lat. 70°, while the 
locality of Kudlisaet is marked as Ritenbenk Coal Mine ('* Ritenbenk^s 
Koibroff"). A locality still farther to the south, on a stream, is marked ou 
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locality. Here are green mossy slopes, but the vegetation on the 
whole was on this side much more backward than on the Nour- 
soak shore. An Arabis and StdUvria Edwardsii, K. £r., were 
frequent on the dry places, but I saw little of Ifierochloe borecUis, 
so abundant elsewhere. The glaucous willow (ScUix glavca) was 
common, and Elj/mua arenarius gave a link-like character to the 
sandy shore, while a little marsh at the mouth of a little creek, 
to be presently referred to, was thick with Equisetum arvenae 
and JS, variegatum. 

Opposite Kudlisaet is about the highest point of the Koursoak 
shore, and was capped with snow like the land on the Disco side, 
where the snow lay on all the elevated places, and even in the 
hollows close to the sea, wherever the sun did not reach it. 
Opposite Kudlisaet is also a valley in the Noursoak Peninsula, 
which is called '' Akudliorosorosoak," and is a good landmark 
for reaching this portion of Disco Island. Behind, on the Disco 
shore, are three or four great trap cliffs, which are prominent 
landmarks. They are called by the natives '^Kudleikseit" (the 
lamps; kudleik, a lamp). Hence, probably, the name of the 
locality. 

(ff.) Section cUong the Shore at Kudlisaet, Tn the morning I walked 
southward along the beach, and found the following section 
exposed : — 

1. Alluvium of earth, debris of rock, kc, from cliffs behind ; 
20 feet 

2. 5 feet coarse gritty brown sandstone. On the outside it is 
so very soft by disintegration that it is difficult to say whether it 
is sand or sandstone. 

3. 14 inches hard grey sandstone. 

4. 1 foot hard sandy shale, with vegetable impressions, &c. 

5. 14 inches of coal, exposed by men attempting to work it at 
a place where a little stream breaks through the strata. The 
coal is of the same nature as the rest. 

6. Shales, 2 to 3 feet. 

7. Hard sandstone, 3 feet. 

NordenskjSld's map as '* Igdlokungoak.'* It is in about the latitade of 
Ounartok ; bat aa 1 had no opportiiDity of taking observations to determine 
the latitude (as appareotly Professor Nordeoskjold had not either), I canoot 
be certain. As we were very careful in getting the exact names from our 
native boatmen, all inhabitants of the immediate vicinity, I cannot but con- 
sider that they are correctly given by us. 
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8. SbaleSy standsiones, &c^ irregular aeam; 2 feet. 

9. Hard sandBtone, 1 foot. 

10. Shales, 2 feet. 

11. Hard grej sandstone, toiik pieeea iif coal eoniained in iL 
About 14 feet of this is exposed at the head of the beach, where 
it was impossible to follow the section deeper in this place. 

The dip of the strata is here N., strike K across the Waigat. 
The section is exposed along the beach until close to the place 
where are the " stones erected bj the Englishmen," where it is 
totallj obscured bj debris, and instead of cliffs there are smooth, 
rolling, tnrfj slopes. This section, where it disappears, has a 
dip of 45^. Scattered along the beach and on the slopes are 
great blocks of breccia-like material,* apparently the peculiar 
basalt referred to already (see p. 63), which hare rolled from the 
mountains, but I was not able to find any of it m ntu. These 
mountains are great protuberances of basalt (Eirne calls this '* a 
greenstone dyke stretching across Disco Island," but he is, I 
think, fnineralogicaUy wrong), giving the place its character as 
noted. 

{fi,) Geology o/Hesr'a Creek. — A little to the north of where we 
were encamped^ a considerable creek flows into the sea, in a 
general course easterly from the interior of the island. To the 
section exposed by this creek we next devoted ourselves. This 
stream is not marked on the otherwise excellent map of this coast, 
and though I have not the presumption, on one hurried run along 
it, to attempt to correct the work of such experienced charto- 
graphers as Graah and Kink, yet as this stream must be fre- 
quently referred to, for convenience sake I may be allowed to 
apply to it the name of the distinguished botanist whose labours 
have made these beds £eunous in the scientific world, and to 
whom science is in reality indebted for all that it knows of the 
miocene flora of the Arctic regions, t In this creek we had been 
previously informed by Mr. Andersen, of Ritenbenk, that he had 
found fossil stems. Gudeman, who had accompanied him, soon 
pointed them out to us. They were lying in fragments in the 
stream, mixed up with pieces of sandstone containing impres* 
sions of leaves. The stems were much broken, but the dicoty- 
ledonous character of them was quite apparent — the annual 
* In a note on this in the Pf»L Trans., Ic, inadyertently I have called 
this a conglomerate^ 

f Mount Heer, in Spitzbei^gen, and Cape Oswald Heen in east Greenland, 
are also named in his honour. 



Digitized by 



Google 



BROWN — ON KOURSOAK PENINSULA, ETC., GREENLAND. 91 

rings, knots, and bark being yet visible. One we saw lying 
beside where Mr. Andersen had got his, but this he could not 
get into his boat. It was whitened outside, but internally the 
vegetable matter had been replaced by a dark cherty substance. 
These stems might, however, be passed over by those not 
acquainted with the nature of fossil stems as mere blocks of 
stone. 

I may here mention that at Ounartok I picked up a piece of 
material which, at first sight, I took to be some cellular form of 
fossil wood (lying on the beach), but on closer examination it 
appeared to be part of the spongy skull of a Balcma or BaUBn- 
aptera. It was quite fossil, and those acquainted with the close 
resemblance at first sight of some kinds of fossil bone and wood 
will understand the difficulty of at once distinguishing them. A 
perpendicular section facing the creek at the place where these 
stems had rolled down (as it afterwards appeared) out of the 
coal, shewed, from the level of the creek upward, the following 
beds: — 

1. (Bottom) 4 feet splintery shales. • 

2. 1 foot hard gritty sandstone. 

3. 4 feet mixed shales and sandstone. 

4. 1 foot coal. 

5. 1^ foot shale, with faint impressions of leaves, stems, &c 

6. 2^ feet coal. 

In this last coal (No. 6) are the stems previously referred to. 
They lie apparently horizontally E. and W. and N. and S. (Mag.), 
and a transverse section of this is exhibited in the face of the coal. 
The direction of all of them is not constant, and is more difficult 
to satisfy oneself of than might be supposed. They are only in 
fragments, brownish outside. In most of them the bark is ofi*, 
and the inside is of the hard black cherty substance just men- 
tioned as composing those lying in the bed of the stream. Coal 
is, according to my observation, invariably all around the stems, 
the shales not coming in contact with them.t 

* I would remark here the absence of the *' dirt bed," the significanoe of 
which aU geologists will understand. 

t In reference to an idea which I mentioned to him that the leaves were 
never water-floated, and that the stems grew not in sUu^ but were probably 
water-floated then in much the same way as the drift-wood which now 
accnmuUtes in great masses in certain places about Disco Bay and other 
portions of the Arctic regions, Professor Heer {PliU. Trans., Lc, p. 456), 
replies :—** It may be so; but as no marine miocene animals and plants 
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7. Shales, 18 inches. 

8. Sandstone, with leaves, &c., 3 feet. 

9. Small seam of soft shale. 

10. 1 foot coal. 

11. 4 feet shale, soft and splintery. 

12. 1 foot coal. 

13. 3 feet soft, splintery, brownish shales. 

14. Whitish gritty sandstone (?). 

15. SoU. 

I climbed up to where the stems lay, and disinterred several 
isolated fragments. They were assuredly not erect, and seemed, 
as I have said, to be horizontally E. and W., others N. and S., 
but more the former direction. Only fragments now remain, for 
the strata in which they are contained must have once extended 
right across where the creek now runs, and the rest of them 
must have been long ago swept away by the torrent. The 
fragments now lying in the bed of the stream seem to have been 
thus washed out. On the opposite side of the creek (N. bank) 
there were green sloping banks, with fragments of trap, half 
covered with moss. From this bank I followed the shoi-e north- 
ward for some little distance across the slope, where the strata 
had been denuded by torrents, but could be traced, as in the 
same series, in sections exposed on the banks of numerous creeks 
tearing down from the mountains. One of these torrents had 
brought down an immense mass of trap debris, forming a long 
" gravelly" beach of the fragments, ovet which it now runs for a 
considerable distance parallel to the sea, before emptying into 
it. Close to this place was the bare face of a slope, scattered 
over with fragments of silicified fossil wood and portions of 
stems out of strata similar to those already described. 

5. From KtidMaotet to Eitenbenk and GodliavTL — By this 
date (August 27), we had collected more fossils than our boats 
could with safety convey to Eitenbenk, and as the season was 
getting late we prepared to return. Selecting as many fossils 
as we could carry, and some of the best pieces of the stems, 
such as could be conveniently handled, I left for Ritenbenk 
with my Eskimo crew of men and women, my other companions 

were foand either at Disco or Atanakerdlak, it is more probable that the 
fossil stems were drifted by a river, and that the lignites of the brown coal 
issued from trees of the moors in wliich they sank. At present this occurs 
frequently on the moors. The fact that they are lying in every direction, 
and enveloped by coaly accounts for it." 



Digitized by 



Google 



BEOWK — ON N0UR80AK PENINSULA, ETC., GREENLAND. 93 

remaining behind to assort the rest of the fossils, &c. I kept 
down the Disco shore for some little distance, but finding noth- 
ing more than I had already observed, we took advantage of a 
strong northerly breeze, which cut us to the bones, and ran 
south to Atanakerdluk, arriving there in five hours. I noticed 
that on the basaltic headland of Atanakerdluk part of the sand- 
stone strata still remained to a small extent in contact with the 
basalt, but mostly washed away by the sea. Faint streaks of 
white in the clifis, shewing that the miocene beds still continue, 
can be observed in the face of the trap or basalt clifis as &r 
south as the headland of Tartarak, but grow smaller and smaller, 
and less distinct and still less distinct, until by the time we 
arrive at Sakkak they have, with the exception of a small patch 
behind that settlement, altogether disappeared. Here again the 
old granitic and gneissose rocks appear to be continued in an 
almost unbroken uniformity down the coast. A cold icy wind 
soon took u& to Sakkak, which, after our northern run and 
steady commons of seal soup, appeared quite a luxurious 
place rejoicing in all the good things of the season. Here 
again the solitary lord of the land entertained me like a gentle- 
man (as he was) on reindeer and seal and narwhal skin, with 
the choice of a puppy which had just departed this life ; but as I 
had already eaten what I considered my fair share of that luxury 
during my revels in beleagured fur posts in the vrilds of America, 
I respectfully declined it, and slept the sleep of the just geolo- 
gist on the femily brix. A little of a bed in which you have 
five bed-fellows, in an unventilated room, eight by eight, is, even 
in an autumn night in Greenland, better than a great deal, so 
that on the particular morning styled the 28th of August, I 
ran no chance of missing my 8 o'clock observation for longitude. 
Thereafter I ran south, and in great state pulled by evening 
into Kitenbenk harbour, only to get a repetition of those kindly 
attentions from my friends Herr and Fru Colonibestyrer and 
061onibestyrinde, which have made the name of Andersen a 
pleasant name to all weary Arctic voyagera, and in an especial 
manner most gratefully to be remembered by the writer of these 
Vords. At Ritenbenk, where I was followed next day by the rest 
of our party, we remained to the 31st of August, until the 
governor had completed his final despatches for the year. These 
pnce on board the " blubber-boat" for Godhavn he bids good- 
bye to the outer world until another year has come round. At 
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the same time we bade good-bje to him, and set off to join the 
ship at Godhavn in which we proposed taking a passage to 
England. After a most miserable time of it we arrived at God- 
havn (Lat 69'' 14' 58" N.; Long. 53«> 24' 40* W.) on the 4th 
September. Though we lay for three wretched days storm- 
stayed in a little cove called ** Akajaroa," yet, owing to the 
want of a small boat, we were unable to land. The miocene 
strata seem to continue down the coast to very near Godhavn, 
and coal appears at various places which I shall presently 
mention. At one place, called Skandsen (The Battery) by 
the Danes, appear regular basaltic columns. The north-east 
of Godhavn is built on a low syenitic island. Syenite also 
appears on the opposite side on the main island, backed by great 
fells of trap rising to the height of between two and three 
thousand feet As this part of the coast has been so fully 
described both by Giesecke * and Kink,t it would be nearly a 
work of supererogation to re-describe it from my much more im- 
perfect notes. I have only to add that the season being now far 
advanced, we took passage in the last of the royal ships leaving 
for Copenhagen, where after a long and tedious passage of six 
weeks we arrived in safety. 

IV. — Greenland Coal. 

(ff.) The existence of coal in connection with the sedimentary 
strata of Noursoak and Disco Island has been long known, and 
of late years has come more particularly under the notice of the 
people of this country, from the HoiCt that some of the English 
Arctic expeditions (Inglefield and M'Clintock's X) supplied their 
vessels with it from the seams at Kudlisaet and Atanakerd* 
luk. Many years ago, owing to the attention of the Govern- 
ment being- drawn to these home deposits by Mr. Candid. Pharm. 
Schythe, it was commenced to be mined for use in the Diflco 
Bay settlements. It was, however, soon found that it was more 
profitable to employ the natives in ordinary fishery operations, 
and to import coal from Europe. Accordingly, for thirty yeai's 
the use of it was discontinued. But since Mr. Andersen has 
had charge of Hitenbenk, the workings have been resumed for 
a few days every summer, and he takes out yearly about 300 

* Tranaaclions of Royal Society, Edinburgh, voL ix., p. 2^1. (Read in^ 
181 t Loci cit, t Voyage of the *' Fox," p. 2a 
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Danish tondes (barrels about the size of a sugar hogshead), which 
costs at the rate of 48 skillings, or about Is. l^d. per tonde. 
The coal is like all tertiary coal — rather poor, little coherent, 
and breaking with a cubical fracture, though bright and glisten- 
ing in colour. It abounds in a small species of retinite, varying 
firom a mere speck to pieces the size of a marble. I saw it burn- 
ing in Mr Andersen's house at Ritenbenk. It gives off less 
smoke than English coal, the proof of which is that the pipe of 
his sitting-room stove never requires to be swept out all winter, 
though a fire is lit constantly. It gives as little ash as wood, 
and the heat-giving power he estimates as being only one-half of 
English coaL He generally mixes it with English coal, and finds 
the arrangement work well in every respect; for in the "General 
Taxt List" for Greenland in 1867 English coal is charged at 
the rate of 3 rd. 48 sk. (or 7s. lOj^d.) per cask. 

(3.) Two analyses have been made of this coal. One is by Pro- 
fessor Fyfe, of Aberdeen, in the Appendix to InglefiddUB Summer 
Search after Sir John Franklin (p. 151), and another by Mr. T. W. 
Keates, of London, in the Philosophical TraneactioTia for 1869, 
p. 449. We place them side by side for comparison : — 





Eeat«s. 


Pjfa. 


Specific gravity, . . . 
Gaseous and voL matter, 

Moisture, 

Sulphur, 

ri ^ { Fixed carbon, . 
^'^'^^'tAsh, . ... 


1-369 

... 45-45 ... 
•75 46-20 

-55 

... 47-75 ... 
5-50 53-25 


1-3848 
50-60 

39-86 
9-54 


10000 

Thelignite contains 
a trace of bitu- 
men ; the coke is 
non-caking, and 
of little use. 


100-00 



(y.) In addition to the localities mentioned, coal has been found 
or dug out by the natives at various places on the coast. For 
instance, Dr Kink* mentions the following places, and Giesecke 

• Ordnland, voLL, pp. 172-178. 
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several others, where coal could be conveniently dug: — 1. Atana- 
kerdluk; 2. Patoot; 3. Atane; 4. Kordlutok; 5. Nulluk Cape; 
6. EkkorgvoBt; 7. Mibersteen Fjeld; 8. Patsorfik; 9. Sarfarfik; 
10. Kone; 11. TJpernavik Cape; 12. Innerit Fjord; 13. Hare 
Island; 14. Kitenbenk Coal Mine (various places on Disco 
shore of the Waigat); 15. Skandsen; 16. Makkak; 17. Igligtsiak. 

The first five localities named are on the Noursoak shore of 
the Waigat ; the next five are on the Noursoak shore of Omenak 
Fjord, and most likely belong to the cretaceous formation, and 
not altogether to the miocene; the twelfth locality is on Svarte 
Huk Peninsula, in Upernavik district; while the three last- 
named places are on the southern shore of Disco Island — 
Igligtsiak being only 16 English miles from the settlement of 
Godhavn, to which the natives sometimes bring the coal on their 
sledges in winter. 

Graphite in considerable quantities is found at Karsok and 
Niakomak^ on the Noursoak Peninsula, and belongs most pro- 
bably to the cretaceous or late miocene period. It is found in 
considerable abundance on various islands of Baffin's Bay and 
Davis' Strait, but has never yet been found profitable to import 

V. — General Conclusion regarding the Miocene Flora 
OP Greenland. 

I have now concluded my personal notes on the miocene beds 
of Greenland, and it may be expected of me that I should sum- 
marise the general conclusions which I consider the facts already 
gathered entitle us to draw. Though I scarcely consider that 
the observations and material are yet extensive enough to enable 
us to do so with the confidence with which it has been done by 
the eloquent and illustrious describer of our collection, yet it is 
undeniably right that the views of one who has devoted more 
attention to this subject than any other man should be carefully 
weighed. In a paper,* admirable in many respects, though 
not altogether free from errors regarding our expedition — his 
information has apparently been derived from some very imper- 

* "LesDerniferee Dficouvertea dans Textrfime Nord:" Bibliothegue Univer- 
telle et Revue Suisse, t xxxix, April, 1869, pp. 612-543, translated by Mr. W. S. 
Dallas in Annals ofNoL HisU^ 1869. It has been published separately both 
in French and German. For a further description of Atanakerdlak, see also 
Heer^s *' Les R^giooes polaries du Nord'' {BibL Umv„ Jan., 18^, p. 51), and 
his great work already mentioned. 
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feet or garbled notes — he has summarised these in a masterly 
manner. He remarks that, " At the period when the sand8t.ones 
which compose the smiling hills of Zurich were deposited, a con- 
siderable extent of terra Jlrma must have existed in the extreme 
north. To this period the name of miocene has been given, or 
more generally that of the tertiary period. Our countries had 
then almost a tropical character. Among the forests of laurels 
and the tufbs of palm trees lived ntimerous animals belonging to 
types which now-a-days occur only in the warm and even torrid 
zones. Towards the north, indeed, the ground was clothed in a 
different vesture. Nevertheless Greenland, even at 70® N. lat., 
presents a flora which, by its climatic characters, may be com- 
pared with that of Northern Italy. This flora teaches us that 
in the neighbourhood of the islands of Disco and Atanakerdluk 
there was once a lake of fresh water, upon the marshy edges of 
which great beds of peat were formed. These subsequently gave 
origin to the deposits of coal which appear along the coast. In 
our marshes it is not rare to see ferruginous water, which covers 
the soil with a reddish-brown crust. The same took place in the 
ancient marshes of Greenland : the iron deposited itself upon the 
plants which fell into the water, and these in their turn contri- 
buted to the precipitation and fixation of the iron. By this 
means has been gradually formed that ferruginous rock in the 
bosom of which numerous plants are imprisoned. These fossils 
shew that the marshes were covered with sedges and reeds ; but 
the marsh cypress, the water pines, the birch, the alder, and the 
poplar flourished there : for numerous fragments of these plants 
are covered by a ferruginous deposit. The water trefoil (Meny- 
arUhes arctica, Hr.) no doubt grew in the marshes in the same 
way that the existing species {M, trifoliata) adorns our moist 
meadows with its charming flowers; and the burr reed {Spar- 
ganum Stt/gium, Hr.), the fruit of which has been obtained from 
the rocks, also formerly raised its bristling head above the waves. 
The rivulets also brought in leaves from other localities ; they 
conveyed them from the primitive forestg; and it is thus that 
we find their traces in the ferruginous rocks. If we enter into 
these forests, we shall see a marvellous profusion of trees and 
shrubs, among which we can distinguish forty-five different 
species. A tree with acicular leaves {Seqvoia Langadorfiiy 
Brogn.) strikes us at once by its enormous proportions. It has 
left leafy branches in such numbers that there is scarcely a 

o 
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fragment of stone which does not contain its remains ; and the 
remains which the hammer has extracted from the rock enable us 
to reconstruct the entire tree. It is accompanied bj two allied 
species (jS^. CouUsub, Hr., and S. longi/olia, Hr.), one of which {S, 
CouUsiob) by the configuration of its branches and leaves vividlj 
reminds us of the Sequoia gigantea of California. A Thuja had a 
different aspect, as also the gingko {Scdithurea adiantoideSy XJng.), of 
which the leaves resemble the fronds of ferns, and differ so widely 
from those of other Coniferse. The leafy trees are especially well 
represented; while our existing forests only present two species 
of oak, North Greenland possessed nine, four of which have 
been evergreen, like the Italian oak. Two beeches (Fagus 

Deu(xUumi8, TJng., and F. sp. ), a chestnut (Gastanea Ungeri, 

Hr.), two planes {PlcUanua aceroides^ Goepp., and P. GuiUdmcBy 
Goepp.), and a walnut {Juglan» acuaninata), from this forest, re- 
semble the types of the same name known to everybody. 
Besides these, American species, such as the magnolias, sassa- 
frasses, and liquidambars, were represented there; and the char- 
acters of the ebony tree (^DiospT/roa) are to be distinguished in 
two of the species. The hazel, the sumach (Rhtcs), the buckthorn 
and the holly, the guelder rose and the white {Gratasgtui), pro- 
bably formed the thickets at the borders of the woods; while the 
vine, the ivy, and the sarsapariUa climbed over the trees of the 
virgin forest, and adorned them with garlands. In the shadow 
of the wood grew a profusion of ferns, which covered the soil 
with their elegant fronds. The insects which gave animation to 
these solitudes are not all lost. The impressions of these which 
have reached us shew that little Chrysomelas and CistUidcB en- 
joyed themselves in the sun, and large TrogsiUe pierced the bark 
of the trees, while charming Cicadellce leaped about among the 
herbage. This picture is not a dream of the imagination. 
Plants and animals have all passed under my eyes." In all 
about one hundred and sixty-seven species of miocene plants have 
been discovered in Greenland, and of these thirty-two were dis- 
covered by us. * 

This is i\ pretty picture that the famous Swiss paleontologist 
draws, nor am I prepared to say that it is erroneous in any of 
its details. Still, however — it may be Scotch caution — I would 

♦ " Oni de miocena viixter, som den Svenska expeditionen, 1870, hemfbrt 
fran Gronland, af Oswald Heer." (Ofversigt af Kongl. Vet.— Akad. Forband, 
1873, No. 10.) 
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have you to think twice before jumping to the conclusion that 
no detail of its general character is beyond criticism. In 
the first place, 167 species of plants — ^most of them got jfrom a 
locality in area not much larger than the room we meet in — is a 
large number, and betokens a flora more tropical than temperate, 
for I am not aware that any similar area in Italy (with the 
temperature of which Dr. Heer compares the miocene climate 
of Greenland) produces a similar number of species. Only 
the tropics, and there very favoured spots, could produce such a 
vegetation. Yet the plants found are not those of the tropics, 
but of temperate regions. Let us then examine the data on 
which the determination of these species have been made. In 
the first place, with every respect for Professor Heer, I must 
give expression to my opinion that many species are separated 
from closely allied ones by characters which he would be a rash 
botanist who would venture to separate recent species by. Then 
I hardly think there are sufficient grounds for separating many 
of those fossil spedes from recent ones, even when we have 
better characters than the mere leaf to go by. Many species 
are distinguished solely by the leaf — often a solitary specimen. 
Now, no botanist need be told that the form of the leaf on 
different individuals of the same species of plant varies much, 
and that in very many cases the leaves of the female plant 
differ from that of the male, while in almost every instance 
the stipular leaves are so entirely different from the radical ones, 
that if found fossil they would be pronounced those of different 
species or genera. It would be a mere waste of space to enume- 
rate instances of this. Again, so imperfect are the remains of 
many species that the families to which Daphnogene Kanii, the 
M^ClintockieLs, and Fterospermitea belong are, in Professor Heer's 
own words, "not satisfactorily determined, while the remains of 
the plants described by me as Dryandra, Ficus, Hex, ArcUia, Ehua, 
and I^ysaa are questionable." This difficulty is perfectly acknow- 
ledged by Dr. Heer, but is one inseparable from all palseonto- 
logical studies, and the skill he has displayed in identifying the 
often very fragmentary remains put before him, merits the lasting 
gratitude and admiration of all geologists. Even where it may 
be doubtful whether the specific determination is sound, he has 
supplied the data to judge for ourselves, and either to reduce or 
confirm his identification, as we may think fit. I only wish to 
guard against an idea that all is yet settled, or that future dis- 
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coveries may not materially modify the conclusions so eloquently 
enunciated in the passages quoted from Professor Heer's memoir.* 

VI. — List of Plants and Animals Found in the Miocene 
Beds of Greenland. 

The following list, which I have drawn up from the various 
works of Professor Heer, will be found almost complete. It may 
not, however, embrace some recent discoveries which have reached 
Europe, such as some of the as yet unpublished collections of the 
Swedish expedition. But, nevertheless, it serves fedrly well the 
purpose I have intended by printing it here — viz., to present at 
a glance a remme of the nature of the Greenland miocene flora. 
What few animal remains were obtained by us at Atanakerdluk 
I have recorded; but it is not in my power to present a 
complete list of either the miocene or cretaceous fauna of Green- 
land, meagre though it is as yet known to be. No calcareous 
beds occur in either the miocene or cretaceous strata, and every- 
thing shews them to have been essentially of fresh- water origin. 

A.— PLANTS. 

FUXGI. 

1. SphcBria arctica, Hr. FL Fobs. Arc. 86, tab. L, fig. 5. 

2L Spharia annuUftra, Hr. FJ. Fobs. Arc. 86, tab i^ figs. 2-4. 

3. JRhyUsma (?) boreale, Ur. Fl. Fobs. Arc. 86, tab. i., fig. 1. 

FERNS. 

4. Aapidium Meyeri^ Hr. FL Tert. Helv. 1, p. 36, pL xi., fig. 2; 

PhiL TraDB. 1869, p. 461, pL xxxiz.. 
figs. 1-a 
& Aspidium Heerii, Ett. Die Farm Krauter der Jetzwelt, p. 

199 ; Heer, PhiL Trans. 1869, p. 462, 
pL xxxix., figs. 4, 5. 

6. Aspidium ursinum, Hr. PiiiL Trans. 1869, p. 462, pL xxxix., 

fig. 6a. 

7. Woodvoarditea arclicust Hr. Fl. Foss. Arc. 86, tab. L, fig. 16; tab. 

xlv., tig. 2c; tab. xlviii, fig. 9. 

• Since writing this I have seen a paper in a popular journal, by Principal 
Dawson of Montreal, in which he ridicules the idea that a leaf, or even a 
fragment of a leaf, is not a perfectly ample material to identify a fossil species 
from, and he will even go so far as to say that it is quite as good a proof of 
the flora and other features of the country at the period it lived as the bones 
of a mammal its zoology. I fear that the learned and distinguished geologist 
quoted will have some difficulty in supporting such an assertion. 
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a Lastraa (Phegopterie) Siireaca, Hr. Fl. Tert Helv. 1, p. 31, tab. viL, viii; 

FL Fobs. Arc. 87, tab. xlv., fig. 7. 
Fl. Fo68. Arc. 87, tab. xlv., fig. da, b. 



9. Sphenopteris {AspUnhim ?) Miert- 
schingi, Hr. 

10. Pteria csningensis, A. Br. 

11. Pteris BinkianOy Hr. 
12: ffemitelitea ToreUii, Hr. 



13. Osmunda Ileerii, GAVidiD. 



14. EqyJaetum borecUe^ Hr. 



Heer, FL Teat. Helv. 1, p. 39; Fl. 

Fosa. Arc., tab. xlv., fig. 8a. 
Fl. Fobs. Arc 87, tab. i., fig. 12. 
FL Fobs. Arc. 86, tab. ii., fig. 15; I hU. 

Trans. 1869, pL xl., figs. l-5a; pL 

Iv., fig. 2. 
Heer, Fl. Tert Helv. iii., p. 155 ; Phil. 

Trans. 18G9, tab. i., figs. 6-11; tab. 

viii., fig. 156. 

EQUISETACEJE. 

FL Fobs. Arc. 89, tab. L, fig. 7; tab. 
3dv.,fig. 10,13c,/. 



CONIFERS 
15. Widdringtonia Helvetica^ Hr. 



CUPRESSINEiE. 
Fl. Tert. Helv. i., p.48, pL xvL. figs. 2, 

18; PhiL Trans. 1869, pL xli., figs. 

10,11; 106, c 
Phil Trans. 1869, p. 463, pL xliii., figs. 

4, 5. Saxodium dubium, Sternb., sp. 

Heer, FL Fobs. Arc, p. 89. 
FL Tert Helv. i, p. 61 ; iil, p. 61, tab. 

xix., XX., fig. 1. FL Fobs. Arc, tab. 

iii, figs. 2, 6; tab. xlv., fig. 20, 32. 
Saporta, Etudes snr la veg. du sud 

et de la France, a Tdpoque tertiare, 

ii, p. 184, tab. L, fig. 5; Heer, FL 

Fobs. Arc, tab. 1., fig. 11. 

19. Cupres8inoxf/lon Breverm, MerkL Cramer in Heer's FL Fobs. Arc. 167, 

tab. xlii., figa. 11, 17. 

20. CupresnnoxyUm ucranieum, Gcepp. Cramer in Heer's Fl. Fobs. Arc 168, 

tab. xxxiv., fig. 6 ; tab. xxxviii., figs. 
7,12. 



16i TaxocUum disUchum miocenum^ 
Hr. 

17. Olypttrotma Europoeiu^ Hr. 



1& Tkuoopsis EuropcBO, Sap. 



21. Sequoia LangsdorJUyKr. 



22, Sequoia brevifolia, Hr. 

23. Sequoia CouUsUb, Hr 



24. Pinua hyperhorea^ Hr. 

25. Pinu*, »p. Hr. 

26. Pmii9 pofariSt Hr. 



ABIETINiE. 

FL Tert. Helv. L, p. 64; tab. xx., fig. 

2; tab. xxi, fig. 4; FL Fobs. Arc, 

tab. ii., figs, 2, 22; tab. xlv., figs. 

13a, c, 14, 18; tab. xlvii., fig. 36. 
Fl. Fobs. Arc 93, tab. ii, fig. 23. 
Bovey Tracey Lignite, j^ 33, tab. 

viii., ix., X. ; FL Fobs. Arc, tab. iii , 

iig. 1; tab. viiL, fig. 14; tab. xlv., fig. 

19. 
FL Fobs. Arc. 94, tab. xvii., fig. 5/ 
FL Fobs. Arc, tabl., fig. 20. 
FL Fobs. Arc. 157 ; PhiL Trans. 465, 

pL xliii , fig 6. 
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TAXINEiE. 

27. TosrftefOiriibi, Hr. Fl. Foes. Arc. 95. tab. i, fig. 21-24c; 

tab. xlVi* fig. la, b,c. 
2S. Salitburea adiant/oidu. Ting. Phil. Trans. 1869, 466. pL xliv., fig. 1 ; 

Fl. Fo«. Aro. 95, tab. ii., fig. 1; 

xlvii 4a {B. banaUs, Hr). 

GRAMINE^. 

29. PhragmUe9<minffen9i»,A. Br. Heer, FL Tert Helv. i, p. 64; FL 

F068. Arc., tab. iiL,figB. 6, 7,8; tab. 

xlv.,fig. a 
aa Poa/eUei MenffeanuB, Hr. Fl. Mioa Bait., p. 59; pL zr., figa. 

2-11; Pha Trans. 1809, p. 466, pL 

Iv., figs. 9, la 

31. PoacUes, tp. FL Foss. Arc 96, taU iil, fig. 9. 

CYPEBACE^. 

32. CyparUei ZoUihofari, Hr. Fl. Tert. Helv., p. 76, tab. xzriii., fig. 

4 ; FL Foss. Arc., tab. iiL, fig. 12. 

33. CypenUB horeaUs, Hr. Fl. Foss. Arc. 96, taU zlv., fig. 3. 

34. Cpperitei mkrocarpua, Hr. Fl. Fqss. Arc. 97, tab. xIt., figs. 4, 5. 

SMILACEiS. 

3& SmUax ffrcuuU/oUa, XJ11& Sylloge Plantanxm L, p. 7; Heer, PhiL 

Trans. 1869, pL zIy., figs. 6a, 7. 

TYPHACEiE. 

a6L Sparffankm Stygiam^ Hr. FL Tert. Helv. iiL, p^ 101., tab. zlv., 

fig. 1. 

NAIDACEJB. 
37. CauUnHes cosUUtu, Hr. FL Foes. Ara 467, pL zliiL, ^, la 

LIQUID AMBERACE^ 

38L Liqvidamber Eurapceum^ A« Br. Heer, FL Tert Helt. ii, p. 6; PhiL 

Trans. 1809, pL zlL, fig. 13. 

IRIDACEiE. 

39. Iridium Qraaaloundkum, Hr. FL Foss. Arc. 97, tab. iii, figs. 10, 11. 

SAUCACE^. 

40. Papvlus Bichardwni, Hr. Fl. Foss. Arc. 98, tab. iv., figs. 1-5; 

tab. vi, figs. 7, 8; tab. zv., fig. Ic. 
4L Populua Zaddachi, Hr. Fl. Mioc. Bait, pi. vi., fig. 3; FL Foss. 

Arc., tab. vi, figs. 1-4; tab. zv., fig. 

1&. 
42L Populus.OaudirUi, Fischer. Heer, FL Tert Helv. ii, p. 24, tab. 

iziv.; FL Foes. Arc, tab. vii, fig. 

1-4; tab. L, fig. 9. 
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43. Populus aderophyUa^ Sap. 
, 44. Populus arctica, Hr. 



45. Salix Grcenlandica^ Hr. 

46. SaUx Bceana, Hr. 

47. Salix varians, Goepp. 



Lib. cit, tab. iv., pi. vi., fig. 13; Heer, 
Fl. Foas. Arc, tab. viL, iig. 6. 

FL Foss. Arc 100, tab. iv., figs. 6a, 7 
tab. V. ; tab. vi., figs. 6, 6; tab. viii 
figs. 5, 6; tab. xvii., fig. 65, c. 
Vara, a, b, c, d, and e. 

Fl. Foss. Arc, tab. iv., figs. 8, 9. 10. 

Fl. Fobs. Arc., tab. iv., figs. 11-13; tab. 
xlvii., fig. 11. 

Heer, PhiL Trans. 1869, p. 469, pL 
xliii, figs. 12, la 



MTRICACEiK. 



48. Myrka acumincUa, Uog. 



49. Myrica borecUis, Hr. 



Genera et Species Plant. Foss., p. 396; 

Heer, FL Foss. Arc, tab. iv., figs. 

14-16; tab. vii, fig. 66. c 
Fl. Foss. Arc 101, tab. xlvii., fig. 10. 



50. Beiida Miertschengi, Hr. 

51. Alrma nostratum, Ung. 



BETULACEiE. 

FL Foas. Arc 103, tab. xil, fig. 9; tab. 

xlv., fig. lie. 
Chloris Protog., tab. xxxiv., fig. 1; Fl. 

Foss. Arc, tab. xlviL, fig. 12. 



CUPULIFERiE. 



52. Ccarpinus grandia^ Ung. 

53. Oslrya WcUhen, Hr. 

54. Corylits inaiffnis, Hr. 

55. Corylus MacQuarrU, K Forbes. 



56. Fagua denicUa^Vng,^ 



57. Fagua macrophylla, Ung. 



58. Fagua Deucalionia, Ung. 



69. Caatanea Ungeri, Hr. 



60. Quercus Drymeia, Vug. 



Iconog. Plant Fosa., p. 39; Heer, FL 

Foss. Arc, tab. xlix., fig. 9. 
Fl. Foss. Arc 103, tab. ix., figs. 9-12. 
FL Tert Helv. ii., p. 43; PhU. Trans. 

1869, pi. xlix.. fig. 6. 
Qaart. Journ. Geol. Soc 1851; Heer, 

FL Foss. Arc, tab. viii., figs. 9-12; 

tab. ix., figs. 1-8; tab. xviL, fig. 6d; 

tab. xix-, fig. 7c. 
Fossile Flora von Gleichenberg, p. 16, 

tab. iL, fig. 11; Heer, Fl. Foss. Arc, 

tab. X., figs. 1, 2, 76, 9. 
Flora von Gleichenberg, p. 19, tab. ii. 

fig. 10; Heer, FL Foss. Arc, tab. 

xlvi, fig. 11. 
Chloris Protog., p. 101; Heer, FL Foss. 

Arc, tab. viiL, figs. 1-4; tab. x., fig. 

6; tab. xlvi, fig. 4. 
PhiL Trans. 1869, p. 470; pi. xlv., figs. 

1-3; tab. xlvL, fig. 8; FL Fosa. Arc, 

tab. X., fig. 8; tab. xlvi., figs. 1, 2, a 

{Fcigua caatanopfdlia^ Ung.) 
Chloris Protog., p. 113, tab. xxxii., 

tigs. 1-4; Heer, Fl. Foss. Arc, tab. 

xi., figs. 1-a 
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61. Quercus Jurdnervis Roasm., sp, Bossmassler, VersteineraDgen von Alt- 

uttel, p. 33, tab. vii.; Heer, Fl. 

F088. Arc., tab. viL, figs. 6a, 7a; 

tab. xlv., fig. Id; tab. xlvi., fig. 6. 
Bovey Tracey Lignite, p. 40, tab. xii., 

figs. 2-9, &C.; Fl. Fobs. Arc., tab. 

xlvii., fig. 9. 
FL F088. Arc, p. 108, tab. viiL, fig. 8; 

tab. X., figs. 3, 4; tab. xi., fig. 4; tab. 

xlvii , fig. 1. 
Fl. F088. Arc, p. 109; tab. x., tig. 6; 

tab. xi, figs. 7-11; tab. xln., fig. 10. 
FL Fobs. Arc, p. 109, tab. xi- fig. 6; 

tab. xlvi., fig. 7. 
Fl. Foas. Arc, p. 109, tab. xlvi, figs. 

8,9. 
Fl. Foss. Arc, p. 110, tab. ix., fig. 

13a, 6. 
Contrib. k la Flora Fossile Ital. ii., p. 

45, pi. iii, figs. 9, 10; Heer, FL Foss. 

Arc., tab. xliv., fig. 10; tab. xlix., figs. 

2,3,4a. 



6iL Qtierciis LyeUii, Hr. 

63. Quercus Orcenlajidica, Hr. 

64. Quercus Olafensi, Hr. 

65. Quercus plcUanea, Hr. 

66. Quercus Sieenstrupiana, Hr. 

67. Quercus {?) atava^ Hr. 
68L Quercus LaJirpii^ Gaudin, 



9. Planera Ungen, Ett 



ULMACE^. 

Ettingshausen, Fl. Foss. von Wein, p. 
14., tab. ii., figs. 5, 18; Heer, FL 
Foss. Arc, tab. ix., fig. 8b, 



HORACES. 
7a Ficua (.?) Orcenlandica, Hr. FL Foss. Arc, p. Ill, tab. xiii, fig. a 

PLATANACE^. 

71. PUUanvs aceroides, Gopp. Heer, FL Foss. Arc, p. Ill, tab. xlvii, 

fig. a 
Tert FL von Schossnitz, p. 21, pi. xi., 
figs. 1, 2; Heer, FL Foss. Arc, tab. 
xii. (P. aceroides, var.) 



72L Platanus OuiUdincB, Gopp. 



LAURACE.E. 

73. Sassafras Ferretianvm^ MassaL Studii Sulla Flora Fossile Senega- 

ghense, p. 26.S, pL xii., figs. 1, 2, 3; 
Heer, PhiL Trans. 1869, pL L, tigs. 
1,2. 
FL Foss. Arc, tab. xii ; tab. xvi, fi^. 1. 



74. Daphnogene Kami^ Hr. 



76. Hakea (/•) arctica, Hr. 

76. Dryandra acutiloha, Brogn, 



PROTEACE.E. 

Fl. Foss. Arc, p. 113, tab. xv., figs. 5, 6. 



Ettingshausen, Fossile Proteacere, pL 
iv., figs. 2, 3; Heer, Phil. Trans. 
1869, pi. xxxix., fig. 7. 
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MENISPBRMACEiE. 

77. M*OUnlockia LyelUit Hr. FL Foss. Arc., p. 115, pi. xv., figs, la, 

2; xvi., 7a, h\ xvii, 2a, 6; xlvii., 13; 
xlviii., a 

7a M'Clintockia dentata, Hr. FL Foes. Arc, p. 115, pL xv., fig. 84. 

79. M*Clintockia tnnervis^ Hr. FL Foss. Arc, p. 115, pL xv., figs. 7-13. 

ERICACE^ 

80. Andromeda protogoea, Ung. Flora von Solzka, tab. xxiii, fig. 2; 

Heer, FL Foss. Arc, tab. xvii, figs. 
5a, 6. 

81. Andromeda denticidata, Hr. Fl. Foss. Arc, p. 116, tab. l, fig. lid, e. 

82. Andromeda Saportana, Hr. FL Foss. Arc, p. 117, tab. xviL, fig. 7. 

CAPRIFOLIACE^. 

83. Viburnum Whymperi, Hr. PhiL Trans. 1869, pL xlvL, fig. 16. 

EBENACEiE. 

81 Dioeptfros brachysepalci, A. Br. Heer, Fl. Tert. Helv. iii, pu 11 ; FL 

Foss. Arc, tab. xv., figs. 10-12; xvii.» 
5A, f ; xlvii., 5-7. 
Var. 6, langifoUa, Heer, FL Tert Helv. iii., p. 12. 

85. Dio^pyroB Loveni, Hr. FL Foss. Arc, p. 118, tab. vii., figs. 7» 

8; xlvii., fig. 8. 

GENTIANACEiE. 
8& Menyanihes arc^ca, Hr. FL Foss. Arc, p. 118, tab. xvi, figs. 

2.3. 

OLEACE^ 
87. FrazmuB denticulata, Hr. FL Foss. Arc, p. 118, tab. xvi, fig. 4. 

RUBIACE^ 
8& OaUum antiquum^ Hr. FL Foss. Arc, p. 119, tab. xvii, fig. 8. 

ARALIACE.E. 

89. AraUa (SdadophyUum?) Broum- Phil. Trans. 1869, pL xlii, figs. 6-8; 

tana, Hr. xlix., 4e, 

9a Hedera MacClurii, Hr. Fl. Foss. Arc, p. 119, tab. xvii, figs, la, 

2c, 3, 4, 5a. 

CORNACE^. 

91- Cormuferox, Ung. Sylloge Plant Foss., p. 76, tab. xxiv.,. 

fig. 21. 

92. ComuB hyperborea, Hr. Phil. Trans. 1869, p. 476, pL L, figs. 3, 4. 

93. Jfiyasaa aretica, Hr. PhiL Trans. 1869, p. 477, pL xliii, fig. 

. 12c; L, 5, 6, 7. 66. 
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VITACEA 

94. rtHa Olriki, Br. Fl.Foaa. Arc,p. 120, tab.xlviu.,fig. 1. 

95. Vi^ arctka^ Hr. Fl. Fosa. Arc., p. 120, tab. xlviii, fig. 2. 

MAGNOLIACELE. 

96. Magnolia Ingl^fidd'h Hr. Fl. Foss. Arc, p. 120, tab. iii., fig. 5e; 

tab. zvi, figs. 5, 6, 86; tab. xviiL, figs. 

1-a 

MYRTACE^? 

97. CdUistemophyUum Moorii, Hr. Fl. Foss. Arc., p. 121, tab. xviiL, figs. 

4,6. 

STERCULIACEiE? (BuTTNEWACKiB?). 

98. Pterospermitea spectabUM, Hr. PhiL Trans. 1869, p. 480, pL zliii, fig. 

156 ; liiL, fig. 1-4. 

99. Pterospenmtea dUemana, Hr. Phil. Trans. 1869, p. 480, pL liv., fig. 3. 
lOa PieroapermUea integrifoliua, Hr. PhiL Trans. 1869, p. 122, tab. iz., fig. 

14a. 

ACEKACEiB. 

101. Acer otqpUrix, Gopp? Heer, Flor. Foss. Ara, p. 122, tab. L 

fig.ia 

RHAMNACE^. 

102. PaUurus CoUmbi, Hr. Fr. Fobs. Arc, p. 122, tab. xvii., fig. 

2d; tab. xix., figs. 2-4. 
Var. ft.-pL xU., fig. 12L 

103. Paliurua (?) borealU, Hr. FL Foss. Arc, tab. xix., fig. 1. 

104. Zizyphus borealiSj Hr. Fl. Foss. Arc, p. 123, tab. xlix., fig. 2. 

106. Bhamnus JEridani, Ung. Flora von Sotzka, p. 63, tab. xxxvii, 

figs. 1-6; Fl. Foss. Arc, tab. xix, figs. 
6, 6, 7a; tab. xlix., fig. 10. 
106L Ehammu breviJbliiiB, A Br. Heer, Fl. Tert Helv. iii., p. 78, tab. 

cxxiii. ; Fl. Foss. Arc, tab. xlix., 
fig.l. 

107. Ehamnus OaudiiU, Hr.? Fl. Text. Helv. iii., p. 79, tab. cxxiv., 

figs. 4-16; Fl Foss. Arc, tab. 1., fig. 6. 

AQUIFOLEACEiE. 

108. JUx Umgifdia, Hr. Fl. Foss. Arc, p. 124, tab. xlviii., figs. 

3-6. 

109. lUx (?) retiadata, Hr. Fl. Foes. Arc, p. 124, tab. xlviiL, fig. 7. 
lia Ilex macrophyUa, Hr. PhiL Trans. 1869, p. 481, pL xliv., fig. 

116;lvi.,fig.2. 

CELASTRACTELE. 

111. Evontfmw amiesMt Hr. PhiL Trans. 1869, p. 481, pL Ivi, fig. 

J0&. 
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JUGLANDACE.^. 

yi2. Jugdahs acuvMncUa, A. Br. Heer, Fl. Tert. Helv. ilL, p. 88, tab. 

exxviii. and czxix. ; FL Foss. Ara, 
tab. vii., fig. 9; tab. zii. fig. lb; tab. 
xlix., fig. 7. 

113. Juglatu dentictdcUOt Hr. Phil. Trans. 1869,p.483,pl.lvi, figs. 6-9. 

114. Jttglans paudnervisj Hr. FL Fobs. Ara, tab. xix., fig. 8. 

11& JugloM Strossskmoy Gaud. Heer, Fl. Foes. Arc, tab. xlix., figs. 3-6. 

ANACABDIACEiE. 

116. Rhm beUa^Br. PhiL Trans. 1869, p. 482, pL Ivi., fig. 

117. Eku8 arc^ioa, Hr. PhiL Trans. 1869, p. 482, pL xl., fig. 5e, e. 

ROSACEA. 

lia Sorbua ffrandifolia, Hr. PhiL Trans. 1869, pL liv., fig. 4. 

119. CraJUxgvM arUiqua, Hr. Fl. Fobs. Arc, p. 125, tab. L, figs. 1, 2. 

120. Crataffus Warthana, Hr. Fl. Foss. Arc., p. 126, tab. 1., figs. 3, 4 
12L Prunus Scottu^ Hr. Fl. Foss. Arc, p. 126, tab. viii, fig. 7. 

LEGUMINOS-ffl. 

122. Col^aea WaUeri, Hr. FL Tert Helv. iii, p. 101, tab. oxxxii. 

figs. 45-57. 
123L LeffumijiosUea arctictiSt Hr. FL Foss. Arc, p. 127, tab. L, fig. 6. 

124. LeffumtnonteSy sp. PhiL Trans. 1869, pL xxxix., fig. 36. 

125. CarpolUhea coccuUndes, Hr. PhiL Trans. 1869, p. 484, pL UL.figs. 9, 

and9&. 

126. CarpolUhea PotentUloides, Hr. PhiL Trans. 1869, p. 484^ pL xliii, figs. 

115 and lie 

127. CarpoUthea hicarpeUaris, Hr. FL Foss. Arc, p. 129, tab. xvi, figs. 

15andl5&. 

128. CarpoUtheiJoUiadaria, Hr. PhiL Trans. 1869, p. 484; pL L, figs. 

14,15. 

129. CarpoUthea lUhoapennoides^ Hr. FL Foss. Arc, p. 128, tab. xvi., figs. 

11, 12, 14. 
Ida CarpoUthee mdmUUus, Hr. Pha Trans. 1869, p. 484, pL Ivi, figs. 

11 and 11&. 

13L CarpolUhea aymplocoidea, Hr. FL Foss. Arc, p. 128, tab. xvi, fig. 

8 a. 

132. CarpoUthea puailUmua, Hr. Pha Tran& 1869, p. 484, pL Ivi, figs. 

12 and 126. 

133. CarpolUhea aphcmdOy Hr. Fl. Foss. Arc, pi 128, tab. xv. fig. la 

INCERTA SEDia 

134. PhyUUea LmodendroOea, Hr. Fl. Foss. Arc, p. 127, tab. iii., fig. M, 

135. PhyUUea membranaceua, Hr. Fl. Foss. Arc, p. 127, tab. xix., fig. 9. 

136. PhyUUea evaneacena, Hr. FL Foss. Arc, p. 127, tab. L, fig. 7. 

137. PhyUUea Rvibifomda, Hr. FL Foss. Arc, p. 127, tab. xix., figs. 

10-12; tab. xvi, fig. 8c. 
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B.— ANIMALS. 



1. Troffoaita hmgnU, Hr. 

2. ChrysomelUes Fabridi, Hr. 

3. Cistelkes punctulahu, Hr. 

4. Cercopedium ruffulosumj Hr. 



INSECTS : OOLEOPTERA 

FL FoflB. Ar&, p. 29, tab. 1., figs. 12a, 

126. 
FL Foas. Arc., p. 129, tab. xiz., iigs. 

13,14. 
PfaiL TraDB. 1869, p. 484, pi. IvL, figs. 

H 14&, and 14c. 
PbiL Trans., 1869, p. 485, pi. xliv., 

figB. 96, and 96, 6. 



5. BlattkUum froffUe, Hr. 



ORTHOPTERA. 

Fl. FoM. Arc., p. 13,tab. 1., figs. 13, 136. 



RHYNCHOTA. 

6. Pentatama bareale, Hr. Fl. Foas. Arc., p. 130, tab. xiz., figs. 

15, 156. 



7. Cydas, tp, Hr. 



MOLLUSCA. 

Phil. Trans. 1869, p. 485, pi. lii., figs. 
10, 106. 



VII. — List op the Cretaceous Flora op Greenland. 



FERNS. 



1. SphenopUris {Atplenium) John- 

ttrupi, Hr. 

2. OlekhemaOUseckianoy'HT. 

3. Olachenia Zippd, Corda, 



4. Oleichenia Binhiana, Hr. 

6. Oleichenia rigida, Hr. 
& PecopteriaarcUoa^Rr, 

7. Pecoptens boreaUaf Brongn. 



8L Pecopteris hyperborean Hr. 
9. Danaites /irmust Hr. 
10. Scl^ophylUna dichotoma, Hr. 



FL Fobs. Arc, 76, tab. xliii., fig. 7. 

Fl. Foss. Arc. 76, tab. xliii., figs, la, 

2a, 3a; tab. xliv., figs. 2, 3. 
VersteineruQgen der Kreideformation, 

695k tab. xlix., fig. 1; Heer, Fl. Fobs. 

Arc., tab. xliii., fig. 4. 
FL Fobs. Arc. 80, tab. xliii., fig. 6. 
Fl. Fobs. Ara 80, tab. xliv.. fig. 1. 
Fl. Fobs. Arc, tab. i., fig. 13; tab. 

xliii., fig. 5. 
Hist, des Veget Fossil, i., 351, tab. 

cxix., fig. 1; Heer, Fl. Fobs. Arc, 

tab. xliv., fig. 5 a, 6. 
Fl. Fobs. Arc., tab. xliv., fig. 4. 
Fl. Fobs. Arc, tab. xliv., figs. 20-22. 
FL Fobs. Arc, tab. xliv., fig. 6. 



11. Zamitea arctkust Gopp. 



CYCADACEiE. 

Jahrbuch filr Mineral. GreoL und 
Palffiont. 1866, p. 134, tab. ii., figs. 
9, 10; Heer, FL Foss. Arc, tab. xliv., 

fig. 5c. 
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CUPRESSINEiE. 



J&. WiddringUmites gracilis^ Hr. 



Fl. Fosa. Arc 83, tab. xliii., figs. U, 
3c, &c. 



ABIETINE^ 



13. Sequoia Beicfienbac?uit Gein. 



14. Pinits Peteraeni, Hr. 

15. Pinus Crajneri, Hr. 



Sp,, CLarakeristics des Sacbs-bohiri, 
Kreidegebirges, 98, tab. xxiv., fig. 4. 
Heer, Fl. Foss. Arc, tab. xliii., figs. 
Id, 26, 5a. 

Fl. Foss. Arc. 84, tab. xliv., fig. 19. 

Fl. Foss. Arc. 84, tab. xliv., figs. 7-18. 



MONOCOTYLEDON, 
la FagCiCulUes Grcdandkua, Hr. Fl. Foss. Arc 85, tab. xliv., fig. 23. 

I have, as jet, seen no detailed account of the collections made 
by Professor Nordenskjold and his companions, but in a brief list 
recently published by the Swedish Academy,* I found the fol- 
lowing species of miocene plants, not hitherto known from pre- 
vious collections, mentioned by Professor Heer, but without 
descriptions, and under M.S. names : — 



From IglosuDgoak, Disco I. 
„ Netloarsuk, Noursoak. 



Pteris SUkeiuiSy Hr. 
Polyporites Sequoia, Hr. M.S. 
Mtuicites 8ubtUis, Hr. M.S. 
Biota borealis, Hr. M S. 
Sequoia Norden»kj'6l(iii, Hr. M.S. 
S. Sternbergi, Gopp. 
Eltaginus arclicus, Hr. M.S. 
Nyssidium Grcenfandicum, Hr. M.S. 
Sclerotum Cinnamomi^ Hr. 
SpJtenopteris Blovistrandi, Hr. 
Taxites vaUdus, Hr. 
Carex Noursoakensis, Hr. M.S. 
Smilax Ungulata, Hr. 
Sclerotum populicola, Hr. 
Cgperus Sinijikiana, Hr. M.S. 
Poadtes Nielsemj Hr. M.S. 
Potamogeton Rinkii, Hr. M.S. „ ,, 

„ dubius, Hr. M.S. i, ,» 

Salix lingo, A. Br. ,, i, 

„ tenera, A. Br. „ „ 

Myrica Ungulata, Hr, M.S, „ „ 

„ grosseserrata, Hr. M.S. „ ,, 

Daphne persooniceformis^ D. Webb. „ „ 

Arigtolochia borealis, Hr. M.S. „ „ 

* " Om de Miocena Vaxter, som den Svenska Expeditionen, 1870, hemfbrt 
fran Gronland," af Oswald Heer. (Ofoersigt af KongL Vetemk.—Akad, Fork, 
1873, No. 10). 
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YIII. — Former Eange of the Miocene Flora of Greenland. 

We have seen that the Greenland miocene flora is only now 
found in a very limited district in North Greenland. There 
seems, howeyer, every reason to believe that during the miocene 
epoch it was much more extensively distributed, and that instead 
of the miocene forests only being found in the vicinity of Disco 
Island, these deposits are but the fragmentary remains of much 
more extensive deposits which at one time stretched over the 
whole continent of Greenland, as well as other parts of the 
Arctic regions. In localities so distant from each other as Spitz- 
bergen and Mackenzie Kiver, we find plants of this era identical 
in species, and the floras of both do not difier more widely from 
that of Greenland than might be expected of recent floras extend- 
ing over BO wide an area. In £eict the flora of Spitzbergen and 
Greenland diflers as widely now as do their fossil miocene floras, 
so £eir as the materials obtained enable us to judge.* Until this 
year we only knew the miocene strata in Greenland as existing 
in the localities so repeatedly mentioned and described in the 
foregoing pages. But, as early as 1822 the celebrated William 
Scoresby obtained some fossil plants from the east coast, 
which were, however, lost before being submitted to scientific 
examination; and, accordingly, the je-collection of these has 
been always a desideratum in science. This has been supplied 
within the last few years, for since this paper was first written, 
the second German polar expedition has returned, and among 
the noble additions to science and the story of adventure 
which it brings to us, not the least interesting and valuable is 
a large collection of miocene plants from the east coast of 
Greenland. t These plants, when examined, will doubtless fill 

* Heer in BM, Univ., 1869, Ic. and Om de af A. £. Noidenskjold och C. 
W. Blomstrandpii Spetsbergen upptiickta fossila vexter in Ofversigt ofKongL 
VeUnskapB-Akadenikns F^handlingar, 1866, No. 6; and his Flora Foerilis 
Arctka^ or its French translation, Flore foesile dea regions polaires, p. 61, 
etseq. 

1 1 derive this information from an official Report issued by the Bremen 
Committee (** Zweite deutsche Nordpolarfahrt,*' Na viii) in advance of the 
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^ immense gap in our knowledge of the distribution of the 
^iocene^ flora in Greenland, and go fa,r to shew that at one time 
. this flora extended right over the continent, but that the soft 
deposits in which its remains were entombed have either been 
covered by the great continental ice, or denuded by submerg- 
ence, by weather, or by the immense masses of ice which seem 
at one time to have ground over almost every portion of the 
Greenland continent. The distribution of this flora is one of 
the most interesting of all subjects in Arctic geology, and it is on 
the east coast of Greenland — ^unfortunately almost inaccessible, 
and rarely visited — that we must look for the chief additions 
to our knowledge of that subject Not only was the Greenland 
miocene flora closely allied to that of Spitzbergen and Mackenzie 
River,* but it was also nearly connected with that of Europe ; 
according to Heer, 46 out of 137 species found in Greenland 
being identical with European species — 6 of these extending as 
far as the coast of the Baltic, 10 as far as Switzerland, 7 as far as 
Austria, 4 as &r as France (Armissau and Menat), 17 to Italy, 
and 6 to Greece. Four species are common to North Greenland 
and Bovey Tracey in Devonshii'e. Among these is the tree most 
common in the latter locality — Sequoia Couttsiasj while the fern 
most frequently found at Bovey Tracey (ffemUdites lignitvm) is 
represented in Greenland by a closely allied congener {H. Torrellii, 
Hr.) It will be seen from what I have stated, that in the study of 
the fossil flora of the Arctic regions, a most interesting and com- 
paratively little worked subject lies open to an enterprising and 
properly trained explorer. 

IX. — Description of the Map. 

The map accompanying this paper is based on that of Bink, who 
has incorporated the surveys of all previous explorers, with some 
corrections of the coast line from the map of Kohde and Steen- 
strup, and my own observations. The latitudes of the settlements 
around Disco Bay are from my own observations (meridian alti- 
tudes of the sun), the longitudes chiefly after Nordenskjold, 

great work on this expedition now publishing, which will contain full accounts 
of the geological observations and discoveries of the expedition. 

* This was written in 1868. Since then the statistics of the Arctic miocene 
flora stands as follows :— The whole number of species known is 321. Of 
these 167 are Greenland, 80 of these were found by us, 32 were new to the 
Greenland flora, and 20 were entirely new to science. 
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Graah, and other authorities. The geological details are bj 
myself, as narrated in the text. Only those parts are coloured 
geologically of which the general lithology is known. In most ' 
cases, the limits of the formations can only be given approxi- 
mately. It must be understood that.wher^ miocene and cretaceous 
formations are marked as existing, that there are also, as 
described, outbursts of trap, &c. ; but the trap, for the sake of 
clearness of detail, is marked as existing behind the sedimentary 
rocks. 



VII. — Notes on the recent Ostracoda and Foraminifera of tJie 
Firth of Clyde, with some remarks on the DiatriJmtion of 
MoUusca, By David Robertson, F.G.S. 

[Read 16th April, 1874.] 

A PAPER on recent Osti*acoda and Foraminifera may seem rather 
out of place before a Geological Society, as communications of 
this kind usually find their way into other channels specially 
prepared for them. But when we consider the close relation of 
the present with the past, we perceive that much light may be 
thrown on the fossil fauna by a knowledge of the life-habits 
of existing forms ; and no classes of animals are better ' fitted 
for this purpose than our minute Ostracoda and Foraminifera, 
extending as they do through all geological formations, and 
abounding in all seas and at all depths. 

Keeping in view the geological bearing of the facts, I propose 
to bring forward some particulars with regard to the variations 
in the groupings of species in different habitats and different 
localities, taking into account the depth of water and the 
character of the sea-bottom, together with the occurrence of 
species in one place compared with another, and their relative 
abundance or rarity. 

In drawing conclusions from the condition of the sea-bottom, 
we must remember that different groupings may be met with in 
mud, sand, or gravel of similar appearance, and often at no great 
distance from each other. Apparently slight differences in the 
constituents, chemical condition, &c., of the sea-bottom will 
account, in a great measure, for the absence or sparseness of a 
given species in one locality, and its abundance in another. 
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However similar the habitat of a species may be at the 
bottom of the sea in one place as compared with another, a little 
difference of the materials of which it is composed, although that 
difference is quite inappreciable to the eye, may favour the 
increase of size, or impoverish and check reproduction. Such 
difference in the habitat may also give different degrees of 
intensity and modes of arrangement to the colours and sculptur- 
ings, and so produce and develop varieties. 

In many cases, there appears to be too much readiness to 
adduce climatal change as a cause of varieties in the fauna, 
which may be only the consequence of local circumstances. For 
example, Terebraiula caput-aerpentis (an Arctic species) is large, 
well grown, and abundant in Lochfyne, but small, dwarfed, and 
rare at Cumbrae — at both places in the same depth of water 
and on similar bottoms, which obviously must be attributable to 
some unobserved conditions of habitat, independent of climate. 
There is another curious fact with regard to Terebratula caput- 
aerperUis, in common with a few other species — namely, that it is 
abundant in the Norwegian post-tertiary clays, and rare or absent 
in those of Scotland, while yet it is a common recent species in 
the Scottish seas. If temperature were the sole agency which regu- 
lated the distribution of species, we might expect to find the re- 
mains of nearly all our existing species becoming more abundant 
in our recent clays, as they approach to the present epoch. 

Aatarte borealia, on the other hand, is an Arctic type not living 
in our British seas, but common in many of our Scottish post- 
tertiary deposits. It is remarkable, however, that of forty-six 
glacial and post-glacial deposits examined by the late Professor 
M. Sars, in only one of these was Aatarte horealia obtained. 
Reasoning on the climatal hypothesis of transmission, we should 
infer that Aatarte horealia would be much more common in the 
Norwegian than the Scottish deposits; yet the reverse is the case: 
which might raise the question naturally enough, whether this 
so-called Arctic species really came from the north to our seas 
during the glacial period, as seems to be the common opinion, or 
whether it has not made its way from our seas to its present 
northern habitat. 

On the east coast of Scotland, the post-tertiary fauna has been 
considered more intensely Arctic than that in the valley of the 
Clyde on the west; but whatever the cause may have been, it 
cannot well be attributed to a difference of climate, as, at the 
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time these beds of shell-bearing clay were deposited, the same 
seas must have flowed freely between the Firth of Forth and 
the Firth of Clyde. In drawing inferences from the extreme . 
temperatures of cold that prevailed over the country in glacial 
times, we are apt not to take sufficiently into account the great 
difference of range between subaefial and subaqueous tempera- 
tures» As the cold never attains m any sea to more than a few 
degrees below the freezing point of. fresh water, it would seem 
to follow that we cannot reasonably attribute so much influence 
to the cold in affecting or changing the character of the fauna of 
our seas, as is frequently assigned to it. 

It has been shewn that it is quite a common thing for existing 
species of the invertebrate fauna to be abundant in one locality 
and wanting at another at no great distance, where all the con- 
ditions appear to be similar; and these anomalies of distiibution 
often remain with great constancy. It would obviously be un- 
warrantable to conclude that these variations of animal life on 
different portions of the same sea-bottom were brought about 
by change of climate. 

Abundance or rarity of animal life, both of recent and in older 
deposits, are and have been (there can be no doubt) largely 
influenced by the depth of water, the strength and temperature 
of currents, and the condition of the sea-bottom, — whether it 
affords the most suitable habitat, or supplies the food best fitted 
for the healthy development of the species, and what measure of 
immunity the adult or young enjoy from their enemies. Such 
circumstances must go far 'to regulate the dispersion of the 
invertebrate fauna over the sea-bottom. 

In this country, we are in the habit of testing the Arctic 
character of our glacial shells by the presence or absence of 
recent species; that is, if a post-tertiary British species is not 
found living in our present seas, but living in Arctic regions, 
the conclusion come to is, that the species is of Arctic origin, 
and had been ushered in with the cold from northern regions, 
and with the cold had retired back to its former locality. Fecten 
Islandicus is a common type of this character — an abundant shell 
in. the post-tertiary deposits of the valley of the Clyde — and its 
large dimensions in many of the beds shew that it had lived 
under most favourable conditions. But how or under what 
circumstances this species performed the migration from Arctic 
regions to our latitude and back, may be difficult to say. 
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The migration of some species of Jj[oIlusca from one distant 
sea to another is full of interest, t>ut their mode of transport is 
encompassed with much uncertainty. For examploy the late 
Professor Sars remarked that Ta/pes decusscOa (Linn.) and Pholas 
Candida (Linn.) are found in the post-glacial clays of Norway, 
though not now living on Jthe shores of that country, so far as 
known; such cases are thought to he the relics of ancient com- 
munications hetween different seas. The difficulty in such cases 
is to see how a littoral Mollusc could make its way, or propagate 
by degrees, across hundreds of miles of deep-sea bottom pre- 
senting conditions inconsistent with the requirements of food 
and habitat of a littoral species. Even the deep-sea species 
in these long migrations might find extensive parts of shallow 
ooze, sand, or gravel, together with variations of temperature, 
offering insurmountable barriers to their progress. StiU, in 
spite of all these obstacles, such migrations seem to have taken 
place. 

On comparing the recent Ostracoda and Foraminifera of the 
Clyde district with those of post-tertdary age, we find that from 
thirty-five different localities of recent Ostracoda, the average 
gross number is 34, the lowest number from any one locality 
being 22, and the highest 50. 

The average number of post-tertiary Ostracoda from twenty 
different localities is 23, the lowest being 10, and the highest 37. 

The average number of recent Foraminifera from seventeen 
localities ia 37, the lowest from any one locality 27, the highest 50. 

From ten post-tertiary deposits the average number of species 
of Foraminifera is 17, the lowest 9, and the highest 30. 

These results may be tabulated as under :— 



Post-Tebtiart (twenty localities). 

Average, .... 23 
Highest, .... 17 
Lowest, .... 10 



OSTRACODA. 

Recent (thirty-five localities). 

Average, .... 34 
Highest, .... 60 
Xx>west 22 



FORAMINIFERA. 
Post-Tbrtiaby (ten localities). Rec£nt (seventeen localities). 



Average, .... 17 
Highest, .... 30 
Lowest, .... 9 



Average, .... 37 
Highest, .... 50 
Lowest, .... 27 
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From these comparison^ it is seen that the recent Ostracoda 
and Foraminifera in the vallev of the Clyde exceed consider- 
ably those of post-tertiary deposits — fully one-third in the 
Ostracoda, and one-half in the Foraminifera. Whatever the 
cause may have been of so marked a difference in numbers, 
we can scarcely ascribe much of itUo erosion, since the most 
delicate sculpture remains beautifully sharp and distinct over 
the calcareous tests of these minute organisms, notwithstanding 
their long entombment in the clays of our country. 

So far as our investigations have gone, both fossil Ostracoda 
and Foraminifera are less numerous in the clays on the east of 
Scotland than on the west. From ten deposits — Dryleys, Pug- 
geston, Annochie, Barrie, Errol, Eling Edwards, Gamrie, £lie, 
Wick, and Bum of Haster — the average number of Ostracoda is 
13; the lowest 6, and the highest 23. The average number of 
Foraminifera from seven deposits — Dryleys, Puggeston, Elie, 
Errol, Gamrie, and King Edwards — is 15; the lowest 8, and the 
highest 28. Thus— 

The average fossil Ostracoda on the west is 23, on the east, 13. 
„ „ Foraminifera, „ 17, „ „ 15. 

the chief difference being confined to the Ostracoda. 

So far as the localities that have been examined indicate, the 
post-tertiary Ostracoda on the west of Scotland exceed the Fora- 
minifera by nearly one-third, while in the east the Foraminifera 
slightly exceed the Ostracoda. 

In seven Norwegian post-glacial deposits, the average number 
of Ostracoda is 14, the lowest in any one locality is 9, and the 
highest 19. The average number of Foraminifera is 19, the 
lowest 12, and the highest 31. Here the Foraminifera exceed 
the Ostracoda in their average number of species by nearly one- 
third, while in the west of Scotland the Ostracoda exceed the 
Foraminifera to an equal extent. 

Further research may change these proportions to some 
extent, but it is most likely that the general results will 
remain nearly the same ; and there is little reason to suspect 
fallacy connected with the manner in which the samples were 
collected for examination, as the quantity of material examined 
from each locality was nearly the same — ^the chief difference 
being that a few gatherings from the recent localties were more 
gravelly than our brick clays are— a prevailing feature in the 
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laminated clays of the Clyde district being that they are com- 
posed of fine clays interstratified by thin layers of sand, with 
stones of various sizes thinly interspersed, many of them 
scratched and grooved, and occasionally covered by the remains 
of Balani and Serpulse — ^the stones, great and small, seldom 
exceeding nine or ten per cent. 

All post-tertiary deposits within the reach of the tide have 
been excluded, as they would greatly vitiate such comparison, 
being at all times unavoidably mixed with recent organisms. 

There is another fact connected with the distribution of these 
minute organisms worthy of notice, which is, the great influence 
that the depth of water appears to have upon the relative pro- 
portion of Ostracoda and Foraminifera. In the greatest depths 
reached by the " Porcupine " and the " Challenger," Foramini- 
fera were found with an entire absence of Ostracoda. I have 
lafcely had the opportunity of examining a large number of 
parcels of material dredged by Mr. Whiteaves in the Gulf of 
St. Lawrence. In eight of these gatherings, the least depth was 
120 fathoms, the greatest depth 313 fathoms, and the average 
196 fathoms. In all of these, there is a remarkable scarcity of 
Ostracoda; in some they are wholly absent, and in others there 
is only one species, represented by one or two individuals. In 
some of the other gatherings, there might be two or three species, 
but in most cases one species only was found, and generally 
limited to a few individuals. In the same gatherings, Foramini- 
fera are in great abundance, both in genera, species, and 
individuals. It may be remarked, however, as might be ex- 
pected, that the decrease of Ostracoda does not strictly follow 
the increase of depth, for in different localities at the same 
depth, the proportions of these Ostracoda vary considerably, and 
also relatively to the Foraminifera, arising, we may reasonably 
assume, from local causes. 

There is yet another remarkable fact connected with these 
tiny forms — one that we might not readily suspect — viz., that 
they are in greater abundance in many places exposed to the 
wild tumults of the sea, than they are in our sheltered lochs. 
In five of these — Lochfyne,Lochlong, Loch Striven, Loch Hidden, 
and Loch Kyan — ^the average number of Ostracoda is 28, against 
34 of the general average. The average number of Foraminifera 
in three lochs — Loch Striven, Loch Ridden, and Loch Ryan — is 
29, against 37 species of the general average. 
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Perhaps the richest haul we have had in the Firth of Clyde 
was on the exposed coast between Ardrossan and Portincross, 
about three miles off shore, in thirty fathoms, mud bottom. The 
Ostracoda numbered 43 species, and the Foramrnifera 62, which 
is about one-half of the British marine Foraminifera obtained in 
this one haul. ^ 

The great number of Ostracoda and Foraminifera that may be 
collected from a small parcel of mud, dredged from a very circum- 
scribed spot, shews the vast abundance of these minute animals 
that swarm over the bottom of the sea. 

In preparing this catalogue of the marine Ostracoda and Fora- 
minifera of the Firth of Clyde, I include all the tract between a 
line drawn from the west shore of Loch Ryan to the Mull of 
Kintyre on the south, and Dumbarton Castle on the north. 
Not that all this extent has been thoroughly wrought out, 
but that the gatherings might be from as many distinct points 
as the district would admit of. 

It is not to be understood that more than a haul here and 
there has been taken at distant points, except in the neighbour- 
hood of the Cumbraes, where more opportunities have occurred of 
working over a closer succession of points. Nor are the various 
lists made within these bounds to be viewed as in any sense 
exhaustive, but only what may have been taken in a single 
haul; — another gathering at a very short distance might add 
considerably to the list. 

The object aimed at is chiefly to shew how the groupings of 
the species vary at different places, on different bottoms, and at 
different depths, which could only be done with any degree of 
accuracy by confining the lists to one haul, which reduces the 
risk of mixing two different chaittcters of sea-bottom to a mini- 
mum. This object was further secured by the construction of 
the dredge that was used, which generally filled by dragging it 
a few boat-lengths. 

The appended Tables shew at a glance the relative proportions 
of both Ostracoda and Foraminifera, as thus obtained over the 
area described. 
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OSTRACODA. 



EeMARKS on THE SpLCIES. 



PARACYPRIS POLITA, G. 0. Sara. 

Paraq/pria poUta, G. 0. Sara. Overa. Nory. Mar. Ostrac., p. 12. 

„ „ Brady. Monog. Rec. Brit. Oatrac., p. 378. 

Distribution — JRecent: Norway, Great Britain. Fossil : Scotland— 
Raised beach, Oban. Norway, post-tertiary beds. 

In the Clyde district this species may be considered rare, or confined to 
patches. In the forty gatherings given in the Table, it occurs only in five— 
in two rare, and in three moderately common, in none abundantly.* 

PONTOCYPRIS MYTILOIDES, Norman. 

Cylhere myUloides, Norman. Ann. Mag. Nat. Hist., vol. ix., p. 50. 

Pontocypris mytUoides, Brady. Monog. Rec Brit. Ostrac, p. 385. 

Distribution— i?cccn« ; Norway, Great Britain, Ireland. Fossil: Scot- 
land—Dumbarton, Cartsdyke, Paisley; Dipple; Norway. 

This species occurs m twenty-six of the gatherings represented in the 
annexed Table— in twelve it is rare, and in fourteen moderately common, 
but nowhere found in any great abundance in the Clyde district Its 
range is from 6 to 30 fathoms. As a fossil it is more common in silts and 
raised beaches than in the post-tertiary deposits or those containing Arctic 
shells. It may be remarked that the young of this species, at an early 
stage of their growth, assume the adult form ; and the colour of the adult 
shell belongs to the shell itself, and not, as in many cases, where it is only 
the animal tissues seen through the shell. 

PONTOCYPRIS TRIGONELLA, G. 0. Sars. 

Pontocypria trigoneUa, G. 0. Sars. Overs. Nory. Mar., p. 16. 

Brady. Monog. Rec Brit. Osti:ac, p. 387. 

Distribution— i?eccn« ; Norway, Great Britain, Ireland, Mediterranean, 
Cape Verde. FossU: Lochgilp, Paisley, Cartsdyke, Dipple 

Occurs in fourteen out of the forty gatherings from the Clyde district— in 
eight it is rare and in six moderately common, but does not prevail in any. 
It is found equally common in raised beaches and post-tertiary deposits. 

ARGILL.5:CEA CYLINDRICA, G. 0. Sars. 
Pontocypris anffusta, Bi-ady. Monog. Rec. Brit. Ostrac, p. 387. 

Distribution — i?ec<'7ie: Great Britain, Norway. Fossil: Scotland— 
Duntroon, Cartsdyke, Paisley, Dalmuir, Dumbarton. 

• Rarity or abundance refers only to the gathering to which it belongs, and not to the 
district, as a species may be rare in one gathering and common in another In the same 
locaUty. 
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This species Moan only in foar of the forty gatherings— in three rare, and 
in one moderately common. It is more common in the poet-tertiary clays 
than sQta or raised heaches. 

BAIRDIA INFLATA, Norman. 

Cj/there tnJkUa^ Norman. Ann. & Mag. Nat Hist., toI. ix. p. 49. 

„ „ Brady. Moilog. Rec. Brit Ostrac., p. 388. 

Distribution — /?ecen^- Great Britain, Ireland. Foanl: Scotland — 
Raised heach, Oban. 

Occurs in five of the gatherings— in all rare, and all off the shores of the 
Cnmbraes ; in 3 to 15 fathoms, mostly on somewhat hard bottom. 

CYTHERE LUTEA, Muller. 

Cythert reniformiB^ Baird. Brit Entom., p. 1G9. 

„ „ Brady. Monog. Rec. Brit Ostrac, p. 395. 

Distribution— i?ec€n/; BafSn's Bay^ Iceland, Gulf of St Lawrence, 
North Sea, Great Britain, Ireland, Baltic, Mediterranean. Fossil: Occurring 
in nearly all the beds on the west of Scotland, but less frequent on the east 
Ireland, Belfast New Docks (silt), and in the raised beach, Portrush; 
Canada and Norway, post-tertiary. 

A widely distributed species in the Clyde district, occurring in thirty- 
one of the gatherings—in ten rare, in eighteen moderately common, and 
only in three prevailing to any extent 

CYTHERE VIRIDIS, Mtlller. 

Cythert vMdis, Milller. Entom., p. 64. 

„ „ Brady. Monog. Rec. Brit Ostrac., p. 397. 

Distribution— i?«ccn< : Norway, Great Britain, Ireland, Holland. Fossil: 
In nearly all the clay beds on the west of Scotland, less so on the east of 
Scotland. Ireland— Portrush raised beach ; Norway, post-tertiary beds. 

This is one of the commonest species in the Firth of Clyde, and although 
considered a littoral species, is found in every cue of the forty gatherings 
—in fourteen rare, in twenty-four moderately common, and in two very 
oommon. Ranging from low- water to 30 fathoms. 

I may remark that in all my gatherings I have never found one of this 
species green or even greenish, as the specific name implies. 

CYTHERE PELLUCIDA, Baird. 

Cpthere peUticida,BtaTd. Brit Entom., p. 173^ 

„ „ Brady. Monog. Rec. Brit Ostrac, p. 397. 

„ „ Brady & Robertson. Ann. & Mag. Nat Hist, ser. 4., vol. iii. 

Distribution— ffecen^- Norway, Great Britain, Ireland, Holland, Medi- 
terranean, Gulf of St Lawrenc& Fossil: Common in the clay deposits of 
England, Scotland, Ireland, and Norway— both associated with Arctic shells, 
and in the silts and raised beaches. 

Occurs in thirty-three of the gatherings of the Firth of Clyde— in seven 
rare, in fourteen moderately common, and in twelve very common. More 
frequently in greater abundance than any other species of Ostracodain Clyde 
district. 
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CYTHERE CASTANEA, G. 0. Sars. 
Cythere caaiunea, G. O. Sara. Overa. Nory. Mar. Oatrac., p. 32. 

„ „ Brady. Monog. Rec. Brit Oatrac, p. 39a 

„ „ Brady & Robertaon. Ann. Mag. Nat Hist., ser. 4, vol iiL 

Distribution— i?«cen^- Great Britain, Ireland, Norway, Holland. Fosttil: 
Occurring in most of tbe clay deposits on the west of Scotland and South 
Wales, Cardifif New Dock-basin. 

A common brackish water or estoarine species, also common under 
purely marine conditions. 

It occura in fifteen of the gatherings— in ten rare, and in five moderately 
common ; in from 1 to 25 fathoms. 

CYTHERE POROELLANEA, Brady. 
Cyihere porcetlanea, Brady. Ann. Mag. Nat. Hist., ser. 4, vol iii, 

>, „ Brady & Robertson. Ibid. 

Distribution— i?6c«i/; Great Britain, Ireland, Holland. FostU: West 
Tarbert, Cartsdyke, Cumbrae, Kilchattan, Dabauir ; South Wales, Cardiff 
New Dock-basin. 

Occnra in eight of the forty gatherings from Clyde district— in four rare 
and in four moderately common ; in 1 to 25 fathoms. 

CYTHERE MACALLANA, Brady & Robertson. 
CjT^A^e ifaai22ana, Brady & Robertson. Ann. & Mag. Nat. Hist, ser. 4,yol.iii. 

„ propinqua, G. O. Sara. Undereo. over ChristianiaQ , p. 67. 

Distribution— /?ccen<; Great Britain, Ireland, Holland. F088U: Scotland— 
Kilchattan, Cumbrae, Cartsdyke, Dalmuir, West Tarbert ; South Wales, 
Cardiff New Dock-basin. 

Rather rare in the Firth of Clyde, occurring only in five of the gatherings— 
in two rare, in two moderately common, and in one common. 

CYTHERE TENERA, Brady. 
Cythere tenera, Brady. Monog. Rec Brit. Ostrac., p. 399. 

Distribution— /?ec«i< ; Great Britain, Ireland, Bay of Biscay. FomU: 
Scotland— Wick, Dipple« Oban raised beach; Ireland— Portrush ; South 
Wales— Cardiff New Dock-basin ; England— Meraey. 

Occura in twenty-seven of the Clyde gatherings— in six rare, in fourteen 
moderately common, and in seven very common ; ranging from 6 to 30 
fathoms. Prevailing most on mnddy bottoms, where it is generally associated 
with Cyihere porcellanea, and in some cases it is difficult to distinguish the 
one from the other. 

CYTHERE CRISPATA, Brady. 
Cythere crispata, Brady. Monog. Rec. Brit Ostrac., p. 399. 

Distribution— i^ecewi; Great Britain, Ireland, Norway, Australia, Hong 
Kong. Fossil: Scotland— Paisley ; Ireland, Portrush raised beach ; Norway. 

In the Firth of Clyde it occura in seventeen of the gatherings— in nine 
rare, and in eight moderately common ; from 4 to 25 fathoma, and most 
prevalent on sandy mud bottoms. 
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CYTHERE BADIA, Norman. 
Cyihere hadia, Norman. Ann. & Mag. Nat Hist for Jan., 1862. 

„ cicalricom, G. O. Sara. Overs. Nory. Mar. p. 33. 

„ badioy Brady. Monog. Rcc Brit Ostrac., p. 399. 

Distribution— i?cccn/ ; Great Britain, Ireland, Norway, Mediterranean, 
Australia. 

This species is rather sparsely distributed over the Firth of Clyde, having 
been obtained in only four of the forty gatherings— in three rare, and in 
one common ; ranging from low water to 20 fathoms. 

CYTHERE RUBIDA, Brady. 
Cy there ruhida, Brady. Monog. Rec. Brit. Ostrac, p. 400. 

This species was hitherto only met with at Clachland Point, Arran, in 
rock pools (Norman), and now at low water on sand covered stones, Kames 
Bay, Cumbrae. 

CYTHERE ALBOMACITLATA, Baird. 
Cyihere cUba-maculcUa^ Baird. Brit. Entom. 1(^. 

„ „ Brady. Monog. Rec. Brit Ostrac, p. 402. 

DiSTBiBVTiov— Recent: Great Britain, Ireland, Bay of Biscay, Levant, 
Cape Verde, Norway. FoaaU: Post-tertiary clays and raised beaches, Scotland, 
Ireland, and Norway. 

This is rather a littoral species, and does not appear so often in the 
dredgings as other species less common in the district It occurs in seven- 
teen of the gatherings— in six rare, in ten moderately rare, and in one com- 
mon ; ranging from low water to 30 fathoms. 

As the name implies, this 8i>ecies is often found maculated with small 
dashes of black within the tidal belt, but in deeper water they are mostly, 
if not always, of a uniform colour, from a yellowish-brown to a dirty white. 
That these maculations are the results of food or peculiar localities, rather 
than constant specific characters, may be inferred from the fact that at some 
places almost all the species of Ostracoda are affected in the same way. At 
Whitby^ near St Mary's Island, a few miles north of Newcastle, this was the 
case with nearly all the Ostracoda in a gathering of sandy mud scraped off 
the rocks near low water. Cyihere lutea, and all the members present of 
the genus ParadoxostomOf as well as Cyihere cUbo-nuiculcUa and Cytherura 
nigrescens shewed a similar state of maculation. 

CYTHERE CONVEXA, Baird. 

Cyihere convexoj Baird. Brit. Entom., p. 174. 

„ panciata^ Jones. Entom. Ter. Eng., p. 24. 

„ convcxo, Brady. Monog. Rec. Brit. Ostrac, p. 401. 

Distribution*— i?ec$n<; Great Britain, Ireland, Levant Fossil: Scot- 
land— Errol, Paisley, Cumbrae, Lochgilp, and raised beaches, Cumbrae, 
Oban, West Tarbert silt Ireland— raised beach, Portrush, silt, Belfast New 
Docks. 

This species is taken moderately common by the dredge in the Clyde dis- 
trict but not abundantly in any of the gatherings. It is most frequently met 
with in the muddy sand and harder ground, but seldom on the purely mud 
bottom of the lochs in the Firth of Clyde. 
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CYTHERE CUNEIFORMIS, Brady. 

Cpthere verUricoaa, Sara. LocciL, p. 34. 

„ cuneiformiSf Bracly. Monog. Rec. Brit. Oatrac, p. 404. 

Distribution— i?ecg«^- Great Britain, Ireland, Norway. FoasU: Raised 
beach, Oban, West Tarbert, and Bridge of Allan silt 

This species is seldom taken in any great abundance. It occurs in twelve 
gatherings in the Firth of Clyde— in nine rare, and in three moderately com- 
mon ; ranging from low water to 30 fathoms. 

CYTHERE LIMICOLA, Norman. 

Cythert limicola, Norman. Nat. Hist. Trans. Northumb. and 

Durh., vol. i. p. 20. 
„ „ Brady. Monog. Rec. Brit. Ostrac, i). 405. 

Distribution— i^ecen^; Great Britain, Norway, Baffin's Bay. FomU: 
Scotland— Tangy burn, Campbeltown; Stobcross, Glasgow; Dumbarton, Inch 
Lonaig, Locblomond; Cartsdyke, Greenock; Cumbrae, Kilchattan, Bute; 
Kyles of Bute, Duntroon, Argyleshire; Terally, Wigtownshire; Gamrie, 
Banffshire ; Canada— Post-tertiary beds. 

Although this is rare as a recent species, it is common in the poet-tertiary 
deposits, but absent in the raised beaches and silts. It only occurs in one of 
the forty gatherings in the Clyde district (off Girvan, in 12 to 15 fathoms; 
bottom, dead shells and small gravel), and in that one rare. 



CYTHERE TUBERCULATA. G. O. Sars. 

CyihereiB tuherculata, G. O. Sars. Loc. ciL, p. 37. 

Cythert „ Brady. Monog. Rec. Brit. Ostrac., p. 406. 

Distribution— /?cc«n< ; Great Britain, Ireland, Norway, Spitzbergen, 
Baffin's Bay, Bay of Biscay, Gulf of St. Lawrence, West Indies. FossU : 
In nearly all the post-tertiary beds of Scotland; England— Bridlington, 
Hopton Cliff; Branston Fen; South Wales— Cardiff New Dock-basin ; Ire- 
land—Belfast New Docks, Woodburn, near Carrickfergus. 

Occurs in thirty of the gatherings in the Clyde district— in eight rare, in 
seventeen moderately common, and in five very common. 



CYTHERE CONCINNA, Jones. 

Cythere concmna^ Jones. . Ter. Entom., p. 29. 

„ „ Brady. Monog. Rec. Brit Ostraa, p. 408. 

Distribution- i?«c€n< .• Great Britain, Ireland, Norway, Gulf of St. 
Lawrence, Spitzbergen, Davis' Straits. Fo^il : Crag, England; post-tertiary 
clays and raised beaches, Scotland, Ireland, Norway. 

This is considered a Scandinavian type. Recent it is moderately common 
in the Clyde district ; where it does occur it is often in considerable numbers, 
but generally less or more confined to particular areas. It is common in 
most of the post-tertiary beds in the west of Scotland. 
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CYTHERE ANGULATA, G. O. San. 

Cyihere angulcUa, G. O. Sars. Overs. Noiy. Mar. Ottrac, p. 4flL 

„ „ Brady. Monog. Rea Brit Oatnc, p. 409L 

jyjsrBiBUTiOTX—Becent: Great Britain, Norway, Baffin's Bay, Davis' 
Straits. Fossil : post* tertiary, England, Scotland, Ireland, and Norway. 

Oocars in twenty>eight of the forty gatherings of the Clyde district- 
in most of these moderately common, bat seldom in great profusion. It 
is equally abundant in the post-tertiary beds in the west of Scotland. Those 
of the days are generally more strongly marked than recent species. 

CYTHERE EMARGINATA, G. O. Sars. 
Cyihere emarglnata, G. O. Sars. Overs. Nory. Mar. Ostrac., p. 38. 

,» „ Brady. Monog. Rec Brit Ostrac., p. 475b 

DiSTBiBunoir— i?ecen^; Arctic Seas, Norway, Gulf of St Lawrence, Scot- 
land. Fossil : Scotland, England, Ireland, Norway, and Canada. 

A rare recent species in this country, only occurring once in the forty 
gatherings from the Clyde district,— viz., in Lochfyne, off Inveraray, in 25 
fathoms, mud bottom, where it was moderately common. It occurred also 
in a gathering from Lerwick Bay, Shetland, in 10 to 12 fathoms, gravelly, 
sandy, mud bottom. 

It is moderately common in the post- tertiary clays in the east of Scotland. 

CYTHERE FINMARCHICA, G. O. Sars. 
Cythereis finmarchica^ Sars. Loc cit, p. 41. 

Cy there „ Brady. Monog. Rec Brit Ostrac, p. 410. 

Distribution— i?«c«w<; Davis* Straits, Norway, Great Britain, Ireland, 
Bay of Biscay, Cape Verde. 

This species has only occurred once in my gatherings in the Firth of Clyde. 
This was in Lochfyne, off Inveraray ; but it is occasionally met with both off 
the English and Irish coasts. 

CYTHERE PULCHELLA, Brady. 
Cythere pulcheUoi Brady. Monog. Rec. Brit Ostrac, p. 404. 

„ „ Brady & Robertson. Ann. Mag. Nat. Hist, ser. iv., voL iii., 

p. 369. 
Distribution— /?«c«i<; Scotland, Ireland, Baffin's Bay, Holland. Fossil: 
Scotland— common in the post- tertiary clays, silts, and raised beaches ; Ire- 
land— Woodbum raised beach, Portrush ; silt, Belfast New Dock. 

This species is moderately common in the Firth of Clyde, but never in 
any great abundance. It is apt to be mistaken for the young of Cythere villosa. 
It occun in fifteen of the dredgings or gatherings in the Clyde district— in 
ten rare, and in five moderately common; ranging from low water to 20 
fathoms. In the fossil, as in the recent state, it never occurs in great 
abundance. 

CYTHERE ROBERTSONI. Brady. 
Cythere JRoberlsoni, Brady. t Ann. Mag. Nat Hist, ser. iv., vol. ii., 

p. 33. 
Distribution— i?ec€n^ ; Great Britain, Ireland, Norway. Fossil: Loch- 
gilp, Scotland; Norway. 
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It occurs in seveiiieen of the Firth of Clyde gatherings— in seven it is rare, 
in nine moderately common, and in one common ; ranging from 5 to 22 
fathoms. 

CYTHERE VILLOSA, G. O. Sars. 
CythereiB vUlasa, G. O. Sars. Loc. citj p, 42. 

Cythert „ Brady. Monog. Rec Brit. Ostrac., p. 411. 

Distribution— i?cc6rt« ; Great Britain, Ireland, Norway, Bay of Biscay, 
Davis' Straits, Gulf of St Lawrence. FossU: Scotland, England, Ireland, 
Norway. 

From the annexed table, this is seen to be a very common species in the 
Firth of Clyde, prevailing mostly in 6 to 10 fathoms, on sandy gravelly 
bottoms. It is generally absent in the deeper muddy lochs. It is also a 
conmiion post-tertiary species, but seldom in any great abundance. 

CYTHERE LATICARINA, Brady. 
Cyihtre IcUicarina, Brady. Monog. Rec. Brit Ostrac, pw 412. 

Distribution— i2«c«n/; Great Britain, Spitzbergen. FouU: Scotland, 
Raised beach, Oban. 

Very rare in the Clyde district, occurring only in one of the gatherings^ 
Fintry Bay, Cumbrae. 

CYTHERE QUADRIDENTATA, BaiwL 

Cythere quadridentata^ Baird. Brit Entom., pw 173* 

„ „ Brady. Monog. Rec. Brit Ostraa, p^ 413L 

DiSTBiBUTiON— l?ecc»^; Great Britain, Ireland, Bay of Biscay. Fossil: 
Scotland— Lochgilp. 

Occurs in ten of the Clyde gatherings— in four rare, and in four moderately 
common ; 6 to 30 fathoms. 

CYTHERE EMACIATA, Brady. 
Cythere emadata, Brady. Brit Assoc. Report, 1866, p. 210. 

„ „ „ Monog. Rec. Brit Ostrac., p. 414. 

Distribution — iJcccni ; Great Britain, Ireland. Fossil: Scotland — 
raised beaches, Irvine and Lochgilp. 

Met with sparingly in the Firth of Clyde. Occurring in eight out of 
the forty gatherings— in four common, and in four moderately common ; 
from 7 to 30 fathoms. 

CYTHERE DUNELMENSIS, Norman. 

Cythereis DundmensiSj Norman. Nat Hist Northumb. and Durh., 

vol. i., p. 22. 
„ horrida^ G. O. Sars. Overs. Nory. Mar. Ostrac., p. 45. 

Cythere Dunelmensis, Brady. Monog. Rec. Brit. Ostrac., p. 416. 

Distribution— i?«cc?i< ; Great Britain, Ireland, Arctic Seas, Gulf of St. 
Lawrence. Fossil: Scotland— nearly in all the post-tertiary beds ; England- 
Bridlington ; Ireland— Woodburn and Belfast New Docks. 

In the Firth of Clyde this species occurs in ten out of the forty gatherings — 
in two rare, in five moderately common, and in three very common; in 
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depths from 8 to 90 fathoma, and prevails most in the deeper water on 
muddy bottoms. 

CYTHERE WHITEII, BaM. 
Cythere WMtdi, Baird. Brit. Entom., p. 175l 

„ „ Brady. Monog. Rec Brit. Ostrac* p. 416. 

DiSTBiBUTiON— jffecgn^ ; Great Britain, Levant, Gulf of St. Lawrence. 

This is a rare species, and was only noticed in the gatherings from Ril- 
chattan Bay and Campbeltown Loch. Where it does occur the examples are 
always few. It has only been recorded fossil from Belfast New Docks. 

CYTHERE ANTIQUATA, Baird. 
Cytherds anU^cUa, Baird. Brit. Entom., p. 17& 

Cythere „ Brady. Monog. Rec. Brit. Ostrac, p, 417, 

Distribution— /?ece?i< ; Great Britain, Ireland, Bay of Biscay, Levant. 
Fossil: Scotland— Oban raised beach; England— upper boulder day, Chester; 
Ireland— Belfast New Docks. 

A moderately common species in the Firth of Clyde, occurring in twenty- 
two gatherings out of the forty; not abundant in any, and rare in eight. 

CYTHERE JONESII, Baird. 

Cythereia Jonesu, Baird. Brit Eotom., p. 175. 

Cythere „ Brady. Monog. Rec. Brit. Ostrac., p. 418. 

DisTBiBUTiON— i?ecen<.' Great Britain, Ireland, Bay of Biscay, Levant. 
Fossil: England— Newton, near Chester; Ireland— Belfast New Docks; 
Belgium and France, Eocene. 

Occurs in twenty-four of the Firth of Clyde gatherings— io seven rare, in 
sixteen moderately common, and in one very common; from 6 to 30 fathoms; 
prevailing most on mud or sandy mud bottoms. 

CYTHERE GIBBOSA, Brady k Robertson. 

Cythere gibbosa, Brady & Robertson. Ann. & Mag. Nat. Hist., ser. iv., 

vol. iil, p. 368. 

Distribution— i?ecen^ ; Great Britain, Ireland. FossU: Raised beach, 
Portrnsh, Ireland. 

Occurs only in two of the forty gatherings from the Firth of Clyde— in 
one rare. (east Tarbert Loch), common off Greenock pier, in 4 to 6 fathoms, 
where, it will be observed, the water must be more or less brackish, which 
agrees with its other habitats— viz., Montrose Basin, Scotland; Tidal Pond, 
Westport, Ireland ; Budle Bay and Seaton Burn, below the sluice, England^ 
all of which are more or less brackish. 

CYTHERIDEA PAPILLOSA, Bosquet. 

Cytheridea papUloaa, Bosquet. EntouL Foss. Ter. Tertiair, France, 

p. 42. 
„ „ Brady. Monog. Rec. Brit. Ostrac., p. 423. 

• • Distribution— -Reccji*; Baffin^s Bay, Gulf of St. Lawrence, Norway, 
Great Britain. FossU: England, Scotland, Canada, France, tertiary. 
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This species seems to have a strong prefereDce in the Firth of Clyde to a 
•oft muddy bottom. In most of the lochs it prevails greatly. Oat of the 
forty gatherings it occurred iu thirty. It is generally associated with Cyihe- 
ridea jmnciiUatat but seldom in equal numbers at the same place. (7. punctU- 
lata seems to prefer ground somewhat harder, and generally prevails there 
over C. papulosa. 

OYTHERIDEA PUNCTILLATA, Brady. 

CytJieridea punctillata, Brady. Monog. Rec. Brit. Ostrac, p. 424. 

„ proxiina, G. O. Sars. Overs. Nory. Mar. Ostrac, p. 54. 

DiSTBiBUTjOK— i?ece»^ ; Baffin's Bay, Gulf of St. Lawrence, Norway, 
Britain. Fossil: Scotland, Ireland, Norway. 

This is also a common species in the iirth, but less so than C, papiUosa. 
It is generally most common on sandy muddy ground in deepish water, but 
is also met with sparingly in depths from 5 to 8 fathoms. It prevails gener- 
ally in the post-tertiary clays both on the east and west of Scotland. C, 
papulosa is less frequent and fewer in numbers in the clays. 

CYTHERIDEA ELONGATA, Brady. 

Cythere anyustata^ Baird. (Not Munster). Brit. Entom., p. 172. 

„ elonyata, Brady. Monog. Rec. Brit Ostrac., p. 421. 

Distribution— i2«c«n^* Great Britain, Ireland, Bay of Biscay, Gulf of 
St. Lawrence. 

This species may be con8idei*ed moderately rare in the Firth of Clyde ; it 
occurs in ten gatherings out of the forty— in six rare, in four moderately 
common. Its character as a fossil is restricted iu Scotland and Ireland to 
the estuarine silts and raised beaches; and in England to a dex)osit (Hopton 
Cliff, near Yarmouth) described as Middle Glacial by Messrs. S. V. Wood, 
jun., and F. W. Harmer, iu the Pal8Bontograi)hical Society's volume for 1871, 
p. 22. 

CYTHERIDEA SUBFLAVESCENS, Brady. 

Cythere subjlavescens, Brady. Brit. Assoc. Report, 1866, p. 210., 

Cytheridea „ Brady. Monog. Rec. Brit. Ostrac, p. 429. 

Distribution— ^ccen«; Scotland. 

This is a very rare species, hitherto only known from one specimen 
dredged by the Rev. A. M. Norman in sand amongst the Hebrides, in 45 
to 60 fathoms, in the year 1866. It occurs twice in the firth gatherings ; one 
example in Rothesay Bay in 15 to 18 fathoms, and three examples off Fintry 
Bay in 22 fathoms. 

CYTHERIDEA TOROSA, Brady. 

Cyprideia tcrosa, Jones. Ter. Entom. of Eng., 1851, p. 21. 

Cytlteridea „ Brady. Monog. Rec. Brit. Ostraa, p. 425. 

Distribution— i?cccn« ; Great Britain, Ireland, Norway, Levant, Azoff. 
FomU: England and Scotland. 

This being a decidedly brackish water species, is only found in two of the 
firth gatherings— off Laugbauk and Greenock, at both places brackish. 
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EUCYTHERE DECUVIS, 

Cythere dedans, NonniHi. Xat. Hist, Tnws^ XorthnmbL k Dor., 

ToL L, p. 16u 
Eucifthere „ Bndy. Monog. Be& Brit OstruL, p^ 430L 

DiSTBiBUTioir— J?«sceJi<.' Norw»7, Great Britain, and Ireland. 

This species is rare in the Firth of Clyde, occnrriDg only in fire gatherings 
ont of the forty— in two only moderately common— Kilchattan Bay in 20 to 
25 fathoms, and Boseneatb Bay in 15 fathoms, both in sandy mud. It has 
only been foand fossil in the College poet-tertiary deposit, Cambrae. 

EUCYTHERE ARGUS, G. O. Sars. 

CulherapM argus. Bars. Overs. Nory. Mar. Ostrsc, p. 58. 

Eucythtre „ Brady. Monog. Rec. Brit Ostrac., p. 4SL 

DiaTRivvTiov—lteceni: Norway, Great Britain, Ireland, Golf of St 
Lawrence. Fossil: Scotland, England, Ireland, Norway, and Canada. 

Moderately common in the Firth of Clyde ; found in twenty-two out of 
the forty gatherings, in none very abundant It seems not to be fastidious, 
either in the character of bottom, or the depth or purity of the water. It 
was found in Loch Striven in mud in 26 fathoms ; off Whiting Bay, in 7 
fathoms muddy sand ; off Greenock, in 4 to 6 fathoms muddy sand, in 
water less or more brackish ; also between Port-Glasgow and Langbank, 
where the water is still more brackish and impure. 

KRITHE BARTONENSIS, Jones. 

CytJierideis BartonensiSj Jones. 

llpobates „ Brady. Monog. Tert Entom., p. 50. 

KrUhe „ B., C, & R. Monog. Post-tertiaiy Entom., voL 

xxviii, p. 184 

Distribution— iJccen^; Norway, Great Britain. Fossil: England, Scot- 
land, Norway. 

This species is not uncommon in the Firth of Clyde, occurring in seventeen 
out of the forty gatherings, from 8 to 30 fathoms, chiefly on sandy mud 
bottoms. In some of the dredgings it was very abundant, and in all stages 
of growth. This is more remarkable from the infrequency with which the 
young of Ostracoda are met with ; often where the adults are in great pro- 
fusion scarcely an immature form will be seen, and seldom even what could 
be called fry. 

LOXOCONCHA IMPRESSA, Baird. 

Cythere impreua, Baird. Brit Entom., p. 173. 

Laxoconc?ia „ Brady. Monog. Rec. Brit. Ostraa, p. 433. 

Distribution— i?ecen« ; Norway, Great Britain, Ireland, Bay of Biscay. 
FomU: Scotland, Ireland, Norway. 

This is a very common species, and occurs in almost all the gatherings in 
the Firth of Clyde. It is less common in the fossil state, and chiefly confined 
to the silts and raised beaches. 
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LOXOCONCHA GRANULATA, Sara. 
Loxoconcka granulata^ San. Loc cU,^ p. 61 

Loxoconcha „ Brady. Monog. Rec Brit Ostrac., p. 434. 

Distribution— iJeccfi^; Bntaio, Norway. 

It is not common Id tlie Firth of Clyde, occurring sparingly in thirteen of 
the gatherings, but in a few— Roseneath, Lochgoil, and Gareloch— it is abun- 
dant. Unknown in the fossil state. 

LOXOCONCHA TAMARINDUS. Jones. 
Cyiheredeis tartiarindiu^ Jones. Ter. Entom., p. 49. 

Loxoconcha „ Brady. Monog. Rec. Brit Ostraa, p. 435. 

Distribution— Ifecttii .* Norway, Great Britain, Ireland, Bay of Biscay. 
Fossil : Crag, England ; glacial and raised beaches, England, Scotland, Ire- 
land, Norway. 

A common species, and occurring in thirty-two of the forty gatherings. 
Fossil in nearly aU the post-tertiary clays in the west of Scotland, less so in 
the east 

LOXOCONCHA GUTTATA, Norman. 

Cythere guttata^ Norman. Nat Hist Trans. Northumb. and 

Durh., vol. L, p. 19. 
Loxoconcha „ Brady. Monog. Rec. Brit Ostrac., p. 436L 

Distribution- i?€Cfi»< ; Great Britain, Ireland, Bay of Biscay, Levant. 
Fossil: Scotland. 

Found in eighteen of the gatherings in the Firth of Clyde— in two rare, in 
fifteen moderately common, in one very common (Campbeltown Loch). It 
occurs in from 8 to 30 fathoms, and mostly in sandy mud. 

I have it in a gathering from 8 to 100 fathoms, St. Magnus Bay, Shetland 
(Jeffreys), but not one L. impressa; and common in a gathering at very low 
water Isle of Man, associated with L. impressa. Its fossil habitats are con- 
fined to silt deposits, Drip Bridge and Bridge of Allan, Stirlingshire. 

LOXOCONCHA MULTIFORA, Norman. 

Cythere mtUU/ora, Norman. Brit. Assoc. Report, p. 192. 

Cytheropleron mtUUforum, Brady. Monog. Rec. Brit Ostrac., p. 449. 
Loxoconcha mtUti/ora^ B., C, ft R. Monog. Post- tertiary Ostrac. PalsBon- 

tological Soc, p. 187. 

Distribution— i?ecen< .* Great Britain, Ireland. 

This species is also moderately common in the Firth of Clyde, where it 
does not seem to shew much preference either to the depth of water or 
character of bottom. Fossil in raised beach, Portrush, Ireland. 

LOXOCONCHA PUSILLA, Brady & Robertson. 

Loxoconcha pusilla, B. & R. Ann. and Mag. Nat. Hist, July 1870, 

p. 23. 

Distribution— i?gcfn< ; Holland, Netherlands, England, Scotland. 
It is chiefly confined to tidal rivers and brackish fens. In the Firth of 
Clyde it was found only in two localities- off Greenock pier, where it has the 
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mixture of fresh water of the River Clyde, and at Karnes Bay, Cambrae, at low 
water, where a small stream of fresh water spreads over the shore, bathing 
the place alternately with stream and tide. 

LOXOCONCHA FRAGILIS, G. a Sara. 

LoxoconehafiroffOis, 6. O. Sars. Oven. Nory. Mar. Ostraa, p. 65. 

„ „ Brady & Robertson. Ann. and Mstg. Nat. Hist., Jnly, 

1870, p. 24. 

Distribution— i^ecen/ ; Norway, England, Scotland. 

The habitats of this species— River Clyde, Montrose Basin, Bndle Bay- 
shew its brackish character. In the Firth of Clyde it occurred off Greenock, 
in 4 to 6 fathoms, and between Port-Glasgow and Langbank a few feet 
beyond low water. 

Occurs fossil in the post-tertiary cla^ at Cartsdyke, Greenock, and Paisley, 
associated with marine Arctic shells. 

XESTOLEBERIS AURANTIA, Baird. 

Cythere aurarUia, Baird. Mag. Zool. and Bot., voL ii., p. 143. 

Xeatoleberis mtida, G. O. Sars. Overs. Nory. Mar. Ostrac., p. 67. 

„ aurafUiOi Brady. Monog. Rec Brit. Ostraa, 437. 

DiBTRrBUTioN— i?ece7i/; Holland, Great Britain, Ireland. Fossil: Scot- 
land, England, Ireland, Norway. 

Hiis being purely a littoral species, is only found in one of the firth gather- 
ings, at low water, Cumbrae ; all the others being taken in deeper water with 
the dredge. It has been met with fossil only in silts and raised beaches— raised 
beach, Cumbrae, Scotland ; silts. New Dock-basin, Cardiff, South Wales ; 
New Docks at Belfast, Ireland. 



XESTOLEBERIS DEPRESSA, G. O. Sara. 
Xestoleberis depreasa, G. O. Sars. Overs. Nory. Mar. Ostrac, p. 68. 

„ „ Brady. Monog. Rec Brit Ostrac, pi 43S. 

Distribution— i?eccn^* Great Britain, Ireland, Norway, Spitzbergen, Gulf 
of St Lawrence. Fossil : Scotland— West Tarbert, Lochgilp, Paisley, raised 
beach, Oban ; Ireland— New Docks, Belfast ; Norway ; Canada. 

This species is moderately common in the Firth of Clyde, occurring in 
twenty-three of forty gatherings, but in none in any great profusion, and is 
found on both hard and soft ground. 

CYTHERURA NIGRESCENS. Baird. 

Cythere mgrescens^ Baird. Mag. Zool. and Bot, vol. ii, p. 143. 

Cytherura „ G. O. Sars. Overs. Nory. Mar. Ostrac, pu 71. 

>, „ Brady. Monog. Rec Brit Ostrac, p. 440. 

Distribution— i?eccw^ ; Norway, Great Britain, Ireland. Fossil : England 
— Hopton Cliff ; Scotland— nearly all the poet-tertiary clays on the west and 
at Drip Bridge ; Ireland— New Docks, Belfast, and at Portrnsh ; Norway ; 
Canada. 
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This is a common littoral species, yet not uncommon in deeper water. It 
occurs in twenty-nine gatherings out of the forty in Firth of Clyde, at depths 
from 7 to 90 fathoms ; prevailing most from 4 to 9 fathoms ; yet moderately 
common in various depths from 10 to 30 fathoms, both on soft and harder 
bottoms. 

CYTHERURA ANGULATA, Brady. 
Cythenira anguUUa, Brady. Monog. Rec. Brit. Ostrac., p. 440. 

Distribution— i?ecen^' Great Britain, Ireland, Norway. FoasU: Scot- 
land—raised beach, Oban ; South Wales— Cardiff New Dock-basin ; Ireland 
—Belfast New Docks, Fortrush ; Norway. 

Occurs in eighteen of the gatherings in the firth— in eleven rare, and in 
seven moderately common, but in none in profusion. 

CYTHERURA STRIATA, G. O. Sars. 

Cytherura utrifUa^ G. O. Sars. Overs. Nory. Mar., p. 74. 

„ „ Brady. Monog. Rec. Brit Ostrac, p. 441. 

Distribution— i?ece»^ ; Norway, Great Britain, Ireland. Fossil: Scotland 
— Lochgilp, West Tarbert, Kyles of Bute, Cumbrae, Cartsdyke; South 
Wales— New Dock-basin, Cardiff; Ireland— New Docks at BeKast ; Norway ; 
Canada. 

Moderately common in the Firth of Clyde. In twenty gatherings, eleven 
were rare,teight common or moderately conmion, and one very common. 

CYTHERURA LINEATA, Brady. 

Cytherura lineat<h Brady. Monog. Rec. Brit. Ostrac., p. 441. 

This species has hitherto been obtained only in dredgings from the north 
of Scotland, the Minch, 50 to 60 fathoms (Jeffreys), Isle of Skye (Rev. 
Mr. Barlee). In the Firth of Clyde it occurs in two gatherings ; west of the 
Ferry-house in 6 fathoms, and off Inverkip in 12 fathoms. It has not been 
met with fossil, as far as known. 

CYTHERURA CUNEATA, Brady. 
Cyiherura cunecUa, Brady. Monog. Rec Brit. Ostrac, p. 442. 

Distribution— ifecen^- Great Britain, Ireland, Levant. FossU: Scotland 
—West Tarbert, with Arctic shells. 

In the Clyde district this species may be considered rather rare, although 
it occurs in fifteen gatherings out of the forty. It is rare in eight, and only 
prevails in one, off Ardrishaig, in 6 fathoms, bottom muddy sand. 

CYTHERURA SARSII, Brady. 
Oytherura Sarsii, Brady. Monog. Rec. Brit. Ostrac, p. 442. 

Distribution— iZcceni : Scotland. Fossil : Scotland— Duntroon, Lochgilp, 
Kyles of Bute, Cartsdyke, Paisley. In all associated with Arctic shells. 

Occurs in nine of the firth gatherings, rare in five, and moderately common 
in four. 
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CYTHERURA SIMIUS, 

Cytherjtra ^mllhi^ Sim. Loc. nt.^ pt 72. 

Brady. Mooog. Rec Brit Ostnci, p. -Mi 

Dismivmoji—B^rmt: Xorway, <.reat Britain, Hollaed, S^itzher^en. 
Fo9ml: DaotrooD, Locbgilp, Kylea of Bate Kilcbattao, Cambrae, Dam- 
hartoD, Cartsdyke, Dalmoir, Barrie ; Ireland— New Bocks at Belfast, Port- 
nub; Norway. 

B«« in the Clyde district; oocnre only in foor oat of forty of the firth 
dredgin;^— ID three rare, in one moderately common. 

CYTHERURA UXDATA, Sars. 

Cytherura undala, G. O. S*rB. Orera. Xory. Mar. Ostrac, p. 7a. 

„ „ Brady. Monog. Rec. Brit. Ostraa, }u 443w 

DisTBrBuno2f— /?<?<r«i/: Baffia's Bay, Galf of St Lawrence, Spitzben^en, 
Norway, Great Britain, Ireland. FomsU : Scotland, nearly all the poet- 
tertiary beds; Ireland-New Docks at Belfast, Portmsh. 

Very common in the Firth of Clyde, occurring in thirty gatherini^ — 
in ten rare or rather rare, in fourteen common or moderately common, and in 
•iz very prevalent 

• CYTHERURA PRODUCT A, Brady. 

C)ftherura producta^ Brady. Monog. Rec. Brit Ostraa, p. 443b 

DramiBUTioir— /J«r«i/; Great Britain, Ireland. FouU: South Wales— 
Cardiff New Dock-basin. 

Rare in the Firth of Clyde, occcrring only in six of forty gatherings— in 
three rare, and in three moderately common. In one of the gatherings (De'iFs 
Dyke) it was found in greater numbers than any other in the firth, yet in 
another gathering dose by, in about the same depth of water, and to all appear- 
ance the same character of bottom, not one was found. It has been obtained 
in the west of Scotland, in the Minch (Rev. A. M. Norman), and what is note- 
worthy, it has been found in the tidal rivers, AIn, Thames, England; and the 
River Scheldt, Netherlands,* all more or less brackish . 

CYTHERURA ROBERTSONI, Brady. 
Cytherura Bobertsoni, Brady. Monog. Rec. Brit Ostrac., p. 444. 

DiBThiBunov— Recent : Great Britain, Ireland. Fossil: Scotland— West 
Tarbertsilt; Canada— Saxicava sand. 

This is characteristically a brackish water si)ecies, occurring only at tlie 
few places in the firth favourable to its habits; these are off Greenock, 
and between Port-Gla«gow and Langbank, and near the head of Loch Ryan. 

CYTHERURA GIBBA, MuUer. 

Cythere gibba, MUller. Entom., p. 24. 

Cytherura „ Sar?. Overs. Nory. Mar. Ostraa, p. 70. 

„ „ Brady. Monog. Rec. Brit Ostrac., p. 444. 

jywTKWiiTiov— Recent: Britain, Baltic Sea, North Sea. Fossil: Scotland 
•Ann. Mag. Nat. Illst for July, 1.S70. 
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—West Tarbert, raised beach at Oban ; Irelaod— Belfast New Docks, Port- 
rush ; River Scheldt. 

This species is moderately common in the Firth of Clyde, occurring in 
fourteen gatherings— in ten rare, in three common or moderately common, 
and in one (St. Ninian's Bay) abundant. 

CYTHERURA CORNUTA, Brady. 
Cytherura comuta, Brady. Monog. Rec. Brit. Ostrac., p. 445. 

Distribution— j?ece/i^ ; Britain, Ireland, Dardanelles, Levant FotsU: 
Scotland, West Tarbert silt ; Norway. 

A rather rare species in the Firth of Clyde, occurring only in nine gather- 
ings—in six rare, and in three moderately common. 

CYTHERURA ACUTICOSTATA, G. 0. Sars. 

Cytherura acuticostcUa, G. 0. Sars. Overs. Nory. Mar. Ostrac., p. 76. 
„ „ Brady. Monog. Rec. Brit. Ostraa, p. 445. 

DigTBiBUTiON— jfftfcen/.- Great Britain, Ireland, Holland. FoatU: Scot- 
land—Raised beach at Oban ; Belfast New Docks, Norway. 

Moderately common, occurring in seventeen of the firth gatherings— in 
eight rare, and in nine common or moderately common, in none abundant. 

CYTHERURA CLATHRATA, G. O. Sars. 
Cytherura dathrcUa, Brady. Monog. Rec. Brit. Ostraa, p. 446. 

D18TRIBUTION— iJcceTU ; Baffin's Bay, Norway, Great Britain, Ireland. 
Fossil: Nearly in all the post-tertiary clay deposits on the west of Scotland, 
and Drip Bridge in the east; Ireland, Fortrush; England, Bridlington; 
Norway. 

Very rare in the Clyde district, occurring only in one of the forty gather- 
ings (Callum's Bay, south end of Bute), and there only one instance. 

CYTHERURA CELLULOSA, Norman. 

Cythere ceUvlosa^ Norman. Nat. Hist. Trans. Northumb. and 

Durh., vol. i, p. 22. 
Cytherura ruma, Sars. Overs. Nory. Mar. Ostrac, p. 446. 

„ cellulosa, Brady. Monog. Rec. Brit. Ostrac , pu 446. 

BianfRiBTmonf— Recent : Norway, Great Britain, Ireland, Holland. Fossil : 
Scotland— Raised beach at Oban ; Ireland, Belfast New Docks ; Norway. 

Common in the Clyde district, occurring in twenty-seyen of the gatherings 
—in fifteen rare, in eleven moderately common, and in one only abundant. 

CYTHERURA FLAVESCENS, Brady. 

Cytherura Jlavescenst Brady. Ann. & Mag. Nat. Hist., ser. 4., vol. 

iii., p. 49. 

DiSTBiBUTioN— i?«ce»^ .' Great Britain, Ireland, Holland. FossU: Scot- 
land— Kyles of Bute. 

Occurs in fourteen of the gatherings— in seven rare, and in seven common. 
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CYTHEROPTERON LATISSIMUM, Normau. 

Cythere laUtsima, Nonxuin. Nat. Hist. Trans. Northumb. and 

Durh., vol. L, p. 19. 
Cytheropteron convexum^ G. 0. Sara. Oven. Nory. Mar. Oatrac., p. 80. 
„ latissimumi.'BndY. Monog. Bee. Brit. Ostrac, p. 448. 

Dia^TKiBVTiov—Jiecent: Baffin's Bay, Norway, Great Britain, Ireland, 
Spitzbergen. Fossil : Scotland— nearly in all the post-tertiary beds ; England, 
Bridlington ; Norway and Canada. 

Common in the Clyde district, occurring in twenty-five gatherings 
— rare in five, common or moderately common in fourteen, abundant 
in six. Although this species is very common in some gatherings, yet like 
othera, none may be found at a very short distance, even when the conditions 
are apparently similar. 

CYTHEROPTERON NODOSUM, Brady. 
Cyiherapteron nodosum, Brady. Monog Rec. Brit. Ostrac., pb 448L 

DiSTKiBUTiON— iSecen^- Britain, Ireland, Gulf of St. Lawrence. Fossil: 
Scotland — nearly in all the post-tertiary beds ; England, Bridlington; Ireland, 
Woodburn, Portrush. 

Much less common than the preceding species. It occnra in fourteen of 
the gatherings— in nine it is rare, in four moderately conmion, and prevails 
only in one. 

CYTHEROPTERON PUNCTATUM, Brady. 
Cytheropteron punctatuTifiy Brady. Monog. Rec Brit. Ostrac., p. 449. 

Distribution— i2cc«rf; Britain, Ireland. 

This species may be said to be locally common in the Clyde district, 
although it was found only in six forty of the gatherings, in one of 
these, Lochgoil, in 30 fathoms sandy mud, it was very common, and mode- 
rately common ofif Girvan in 12 to 15 fathonu, on a bank chiefly gravel and 
dead shells. 

CYTHEROPTERON ALATUM, G. O. Sara. 

OytJieropteron alaium, Norman. Brit Assoc. Report 

Cytheropteron orniUum,'Bndy ARobGTtaon, Ann. & Mag. Nat Hist January, 

1872. 

Distribution— iJcocTi/.- Scotland ; Norway. 

The young of C. alatum was mistaken for a new species, and named C, 
omatuTn, This chiefly arose from the presence of a semitransparent curve 
on the lateral angles of the alsQ; but on further investigation, with a better 
supply, the changes from C omatum could be traced into the adult form of 
(7. dUUum. 

It was obtained in nine of the firth gatherings— in two it was rare, and 
in seven common or moderately common. In the Clyde district it has been 
obtained in from 15 to 26 fathoms on ground more or less soft, and in 
Shetland, by Rev. A. M. Norman, in deep water, and by Sara, in Norway, in 
250 fathoms. 
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CYTHEROPTERON ANGULATUM, Brady & Roberteon. 

Cytheropteron ansntitUum, B. & R. Ann. & Mag. Nat. Hist., ser. 4, vol. 

vi., p. 62. 

Distribution— /?6c«7i/ ; Scotland. Fossil: Scotland— Duntroon, Crinaii, 
West Tarbert, Kylea of Bute, Kilchattan, Dnmbartoo, Dalmuir, Inch Lonaig ; 
England— Bridlington ; Caoada. 

Occurs in four of the Clyde gatherings— in three rare, and in one mode- 
rately common ; in depths from 15 to 90 fathoms— bottom more or less soft. 

BYTHOCYTHERE SIMPLEX, Norman. 

Byihocyihere simplex, Norman. Nat. Hist. Trans. Northumb. aod 

Durh., vol. i, p. 17. 
„ ocumiTuUa^O. O. Sars. Overs. Nory. Mar. Ostrac., p. 86. 

„ simplex^ Brady. Monog. Rec Brit. Ostrac, p. 450. 

Distribution— i?ec«?r- Baffin's Bay, Norway, Great Britain. Fossil: 
Scotland— Duntroon, Lochgilp, West Tarbert, Cartsdyke, Paisley, Dalmuir, 
Govan, Jordanhill ; Ireland— Woodbum. 

Occurs in fourteen of the firth gatherings— in four rare, in seven common 
or moderately common, and in three abundant; in depth from 12 to 30 fathoms 
—the bottom more or less soft. 

BYTHOCYTHERE CONSTRICTA, G. O. Sars. 

Bpthocythere constrieta, G. 0. Sars. Overs. Nory. Mar. Ostrac., p. 85. 
„ „ Brady. Monog. Rec Brit. Ostrac., p. 451. 

Distribution- i?eoen^' Great Britain, Ireland, Channel Islands. Fossil : 
Scotland— Tangybum, Duntroon, Dumbarton, Govan. 

Occurs^in ten of the Firth of Clyde gatherings - rare in three, and common 
or moderately common in seven, but does not prevail in any ; depth from 15 
to 20 fathoms— bottom sandy mud. This species in some conditions is ready 
to be mistaken for B. turgida. 



BYTHOCYTHERE TURGIDA, G. 0. Sars. 
Bythocifthere iurgidaj Brady. Monog. Rec. Brit. Ostrac., p. 452. 

Distribution— i?6(;«7i<; Norway, Great Britain, Ireland, Channel Islands. 

Found in eleven of the Clyde district gatherings— in four rare, in six 
moderately conmion, and in one (Lochgoil) very common ; 30 fathoms mud 
bottom— the least depth (Colintraive) 10 to 12 fathoms ; bottom sandy mud. 

PSEUDOCYTHERE CAUDATA, G. 0. Sars. 

Pseudoq/there caudata^ Brady. Monog. Rec. Brit. Ostrac., p. 453. 

Distribution- jffeccn^ ; Norway, Great Britain, and Ireland. Fossil: 
Scotland— Blackburn, Dalmuir; raised beach, Oban. Ireland— Woodbum. 
Occurs in nine of the gatherings in the Clyde district— in five rare, in three 
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moderately eommon, and in one very oommon ; and in depths from 6 to 26 
fathomB, on ground more or less soft The shell of this animal is pellacid, and 
generally of a dull lead oolour; but in the gathering where they prevailed 
most (off De'iFs Dyke, Cambrae), the animal in the greater number was seen 
through the shell, giving it a fine tinge of brown or red, not over the whole 
but in i^atches shading away as they spread. 

CYTHERIDEIS SUBULATA, Brady. 

Ct/therejlavida, Baird. Brii Eotom., p. 168i 

Cfytherideis subulata, Brady. Monog. Bee. Brit Ostrac, p. 454. 

Distribution— i?ec67i< : Britain, Ireland, Bay of BiBcay* Cape Verde, 
Levant. 

This species is generally rare in the Firth of Clyde, but at some places it 
prevails much. It occurred in eight of the Clyde district gatheriogs— 
in five rare, in one moderately common, and in two very common (the 
Claoh and Portloy) ; in 5 to 8 and 10 to 12 fathoms, bottom muddy sand 
and shell debris. Between Portincross and Ardrossan it was found in 30 
fathoms. 

SCLEROCHILUS CONTORTXTS. Norman. 

Cythere contorta, Norman. Ann. & Mag. Nat Hist, vol. iz. p. 48. 

SderochUtu corUortua^ Sars. Overs. Nory. Mar. Ostrac, p. 90. 

„ „ Brady. Monog. Rec Brit. Ostrac, p. 455. 

Distribution — Recent: Britain, Norway, Bay of Biscay, Spitzbergen. 
FoesU: Scotland, in nearly all the post-tertiary beds; South Wales, Cardiff 
New Dock-basin ; Ireland, Belfast New Docks, Portrnsh ; Norway and 
Canada. 

A widely distributed speciesi and abundant both recent and in the post- 
tertiary deposits. It occurs in twenty-six out of forty of the Clyde gather- 
ings—in twelve it is rare, and in twelve moderately common, and in two only 
abundant The gatherings ranged from 6 to 90 fathoms, and on both hard 
and soft ground, but it prevailed most on the softer bottoms. In the 
gathering from Rothesay Bay, the tests were almost all of a fine yellowiih- 
orange tint; others procured within tide mark on the Durham coast were 
mottled with dashes of black, in all probability arising from the condition of 
the animal or the character of its food, as such colours have not been noticed 
on the empty shelL 

XIPHICHILUS TENUISSIMA, Norman. 

Bythoeythere tenttimrnoj Norman. Brit Assoc. Report, 1868, p. 204. 
XiphichUua „ Brady. Nat Hist Trans. Northumb. and 

Durh., voL iii p. 369. 

DiBTRiBUTioN— jffeccn^ .• England, Scotland. 

This species occurs in thirteen of the Clyde district gatherings — in six 
rare, and in six moderately common, and in one (CaUum*s Bay, south end 
of Bute) abundant. These gatherings ranged from 10 to 30 fathoms, aod 
on both hard and soft ground; but it was most frequent on muddy sand 
or mud. 
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PARADOXOSTOMA VARIABILE, Baird. 

Cy there JUivida^ MUller. Ed torn., p. 66l 

„ „ Baird. TraDs. Berwickshire Club, vol. i., p. 98. 

Paradoxostoma variabile, Brady. Monog. Rec Brit. Ostrac, p. 457. 

DiSTMBUTiON — i2ecc7i<; Baffin's Bay, Spitzbergen, Great Britain, Nor- 
way, Holland. Fossil: Scotland— Tangyburn, Campbeltown, Dantrooo, 
Locbgilp, Blackburn, Tarbert, Kyles of Bute, Cumbrae, Dumbarton, Carts- 
dyke, Greenock, Paisley, Govan, West Tarbert, raised beach, Oban; Ireland 
— Woodburn, Belfast New Docks ; Norway ;- Canada. 

This is one of the commonest species in the Firth of Clyde, but seldom 
occurring in any great abundance in one place. Of forty gatherings it occurred 
in thirty-five— rare in eighteen, moderately common in sixteen, and abun- 
dant only in one. 

PARADOXOSTOMA ABBREVIATUM, G. O. Sars. 

Paradoxosioma abbrevicUunit Sars. Overs. Nory. Mar. Ostrac., p. 94. 
„ „ Brady. Monog. Rec. Brit Ostrac., p. 458. 

Distribution— i?ecen^; Great Britain, Ireland, Norway. FowU: Scot- 
land— Locbgilp, raised beach, Oban; South Wales, Cardiff. 

Occurs in nineteen of the gatherings— in thirteen rare, and in six moder- 
ately common, but prevails in none. The depths of these gatherings ranged 
from 3 to.25 fathoms, both on hard and soft bottom. 

PARADOXOSTOMA ENSIFORME, Brady. 
Paradoxastoma eneiforme, Brady. Monog. Rec Brit. Ostrac., p. 460. 

Distribution — i?«cen^ : Great Britain, Ireland, Levant. Fossil: Scot- 
land— Eyles of Bute; South Wales— Cardiff New Dock-basin (silt deposit) ; 
England— Bridlington ; Ireland— Belfast New Docks (silt), Portrush raised 
beach. 

Occurs in sixteen of the gatherings in the Clyde district— in ten rare, 
moderately common in five, and very common in one. Depth from 4 to 90 
fathoms, both on hard and soft bottom. 

PARADOXOSTOMA PLEXUOSUM, Brady. 

Paradoxo^omaJUxuosumt Brady. Monog. Rec. Brit. Ostrac., pl 461. 

„ „ K & R. Ann. & Mag. Nat. Hist., January, 1872. 

Distribution — iPeeen^ ; Britain. Fossil: Scotland — Locbgilp ; South 
Wales— Cardiff NewfDock-basin, silt. 

Not very common in the Clyde district, occurring only in fourteen of the 
gatherings— in ten rare, and in four moderately common; from 3 to 90 
fathoms on various kinds of bottom. 

PARADOXOSTOMA HEBERNICUM, Brady. 

Paradoxostoma Hibemicum, Brady. Monog. Rec Brit. Ostrac, p. 460. 

„ „ K & R. Ann. & Mag. Nat Hist, January, 1872. 

Distribution— IZeccw^- Great Britain, Ireland. 

Rather a rare species in the Firth of Clyde, occurring only in seven 
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gatlMriiiga mit of the forty— io nz imre, moderately oommon in one (Ramee 
Bay, Cnmbrae, at low water). The others ranged from 4 to 20 fathoms. 

PARADOXOSTOBIA FISCHERII, G. 0. Sars. 

Pamdoacottoma FtKheru, G. O. S. Overs. Nory. Mar. Ostrac, p. 96. 

„ „ Brady. Nat Hist. Trans. NorthumK and 

Durh.» vol iii, p. 9G2. 
SderochUua ffradUa, Brady ft Bob. Ann. & Mag. Nat Hist , ser. i v., vol iii. 

ViSTBXBimov—Becent: Britain, Ireland, Norway. Fosnl: Scotland— 
Lochgilp, Cartsdyke, West Tarbert; South Wales-Cardiff New Dock-basin 
(silt) ; Ireland— Belfast New Docks. 

Occurs in nine gatherings— in fonr rare, in four moderately oommon, and 
in one abundant From 6 to 25 fathoms. 

PARADOXOSTOMA PULCHELLUM, G. 0. Sara. 
Paradoxogtoma puIcheUuvh Brady. Monog. Rec. Brit Ostrac., p. 459. 

DiffTBiBUTiov—JiecerU : Britain, Ireland. 

This pretty little species is rare in the Clyde dfttrict It occnn in six 
out of the forty gatherings— in three it is rare, in two moderately conunon, 
and in one conmion (Glen Sannoz, in 20 fathoms, bottom mud) ; the others 
from 6 to 25 fathoms — ^bottom various. 

PARADOXOSTOMA ARCUATUM, Brady. 
ParadoxOBtoma arcuaium, Brady. Monog. Rec. Brit Ostraa, p. 461. 

Distribution— /?6cen<: Scotland and Ireland. FoesU: Scotland— raised 
beach, Oban. 

Rare, only obtained in two of the firth gatherings— in one rare, and in 
one moderately conmion (Kilchattan Bay, 25 fathoms mud, and off the Lion, 
Cumbrae, 20 fathoms sandy mud). 

PARADOXOSTOMA OBLIQUUM, G. O. Sars. 

Paradoxastoma oUiquum, G. O. Sars. Overs. Nory. Mar. p. 97- 

„ „ Brady. Monog. Rec. Brit Ostrac., p. 459. 

DmrBiBTJTion—JiecerU: Britain, Ireland, and the Channel Islands. 
Rare in the Firth of Clyde, occurring only in four gatherings— one to three 
specimens in each ; from 6 to 19 fathoms. 

PARADOXOSTOMA ORCADENSE, Brady and Robertson. 
Paradoxostoma orcadensey B. & R. Ann. & Mag. Nat Hist., Jan., 1872. 

This very rare species was hitherto only found in Stromness Bay, Orkney, 
now in Glen Sannoz Bay, Arran, Firth of Clyde, moderately common. 

It is a curious fact that this species has occurred only in two localities, 
and so far apart The same is the case with Oythere emarginaUi, G. 0. Sars, 
occurring in Britain only in Shetland and the f^h of Clyde. 4 , 
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PHILOMEDES INTERPUNCTA, Baird. 

Cypridina mLerpunclo^ Baird. -'" Proc ZooL Soc Lond., part 18 (1850), 

p. 257. 
PhUomedes longicorms, liUj. De CruBta, p. 176. 

„ iTiUrpancta^ Biady. Monog. Bee Brit. Ostrac., p. 463. 

DiBTBiBunoN— i?0C6n<; Britain, IrdaDd, Channel Islands. 

Occurs in nineteen of the gatherings— in ten rare, in nine moderately 
common; depth from 5 to 30 fathoms. Most frequently on soft mad 
bottoms. IJiis species often presents small round patches all over the shell ; 
but those which are taken in the surface net are generally free of snch 
patches. 

ASTEROPE MARIiE, Baird. 

Cypridina MaricB, Baird. Proc Zool. Soc Lond., 1850, p. 257. 

CyUndroUberis „ Monog. Rec. Brit. Ostrac, p. 465. 

Asterope „ Brady.! Proc Zool. Soc. Lond., April 4, 1871. 

Distribution— i?eeefit; Britain, Ireland, Channel Islands. 

Occurs in thirteen of the firth gatherings— in eleven rare, two moderately 
conmion ; in depths from 3 to 30 fathoms, on various kinds of bottom, but 
most frequently on the soft mud. In the surface net after sunset it ia taken 
abundantly. 

ASTEROPE TERES, Norman. 

Cypridina teres, Norman. Ann. & Mag. Nat. Hist., vol viii 

CyUndroUberis teres, Brady. Monog. Rec Brit. Ostrac, p. 465. 

Asterope teres, Brady. Proc ZooL Soc Lond., 1871, p. 205. 

Distribution— i?6O0nf ; North Sea; West Coast of Scotland ; Ireland; and 
Sdlly and Channel Islands. Fossil: Scotland, Jordan hill. 

This species in the firth gatherings occurs in four rare, and in one mode- 
rately common ; in depths ranging from 5 to 20 fathoms. It is occasionally 
taken in the surface net, but neither so often nor so numerously as the pre- 
ceding two species. 

POLYCOPE ORBICULARIS, G. O. Sars. 

Polycope orbicularis^ 6. O. Sars. Overs. Nory. Mar. Ostrac, p. 122. 

„ „ Brady. Monog. Rec Brit. Ostrac, p. 471. 

Distribution— i?ecen< ; Norway, Great Britain, Ireland, Spitzbergen. 
Fossil: Scotland— Duntroon, Dumbarton, Cartsdyke, Paisley, Old Mains, 
Govan, Dalmuir. 

Occurs in eighteen of the firth gatherings —in seven rare, in seven 
moderately common, and in four very common. The range of depth in these 
gatherings was from 6 to 30 fathoms, bottom various ; but in deeper water 
and on muddy bottoms they prevailed most, and there generally in the best 
condition. The translucent shell is often tinged with yellowish-brown, or 
in some instances with a delicate pink, but it is seldom that the two 
colours are met with in the same gathering. These colours have been 
noticed only when the shell contained the animal ; they appear, in short, to 
be the colour of the animal transmitted through the shell. 
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REMARKS ON THE LOCALITIES. 

L-LOCH RYAN. 

Our dredgings were taken down the loch, two or three hundred yards off 
the Kailway Pier, in 6 to 7 fathoms ; bottom gravelly mud, with a number 
of dead shells. The usual method pursued with these dredgings was to take 
the most favourable looking haul for Ostracoda, Foraminifera, and other 
small organisms, and after washing and freeing it of the grosser material, put 
it aside for examination. When more was sought from the same locality 
to make up the desired quantity of material, it was taken close by on the 
same character of bottom. 

It may be remarked that Philina aperta (Linn.) was in very great abun- 
dance at this place. 

The Ostracoda were not so well represented as the appearance of the 
ground promised to be. Thirty-four species were obtained, and twenty-eight 
foraminifera. 

IL-OFF GIRVAN. 

Our material I was from about four miles off Girvan Pier, in 12 to 15 
fathoms, on a bank of gravel and dead shells, which had a most unpromising 
appearance for Microzoa ; yet on examination Ostracoda and Foraminifera 
were both unusually well represented; thirty-eight well-marked species 
of Ostracoda were found. 

The Foraminifera exceeded the Ostracoda in the number of species, 
amounting to forty-four. Amongst them was a very fine specimen of Lagena 
lagenoidea, (WiU). 

III. -CAMPBELTOWN LOCH. 

The bottom of the loch Ib covered with mud, or sandy mud, nearly over 
its whole extent. The depth ranges from 6 to 10 fathoms, except towards 
the entrance, where the bottom gets harder, and the depth increases to 
20 or 22 fathoms. 

From the position and character of the surrounding hills, it is free from 
sudden gusts of wind, so dangerous in many of our western lochs. Spring tides 
rise only 8^ feet, and neap tides 6 feet, and their motions are so gentle that in 
many places they are scarcely felt. The general character of the loch is 
apparently so favourable to the habits of Microzoa that an unusually large 
gathering was expected. In this hope, however, we were to some extent 
disappointed. The list of Ostracoda amounted only to thirty-three species 
and Foraminifera to twenty-seven, seven of which were arenaceous forms. 

It must be borne in mind that the gathering was only from one place near 
the head of the loch, and in all likelihood represents only a portion of the 
Ostracoda and Foraminifera of the loch. 

IV.— EAST TARBERT. 

Dredged off the Old Pier in 3 to 4 fathoms ; bottom black sandy mud. 
The Ostracoda obtained were twenty-five species and the Foraminifera 
eighteen. None of either was of any special interest 
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V.-ARDRISHAIG. 
The gathering was taken two or three hundred yards off the pier, farther 
up the loch, in 6 fathoms ; bottom muddy sand, some little gravel and dead 
shells. The Ostracoda obtained were eighteen species, and Foraminifera only 
eleven. It may be mentioned that in a small ochreous streamlet near the 
head of the loch, Quinqudoeulina fusca was abundant. 

VI.— LOCHFYNE. 

The gathering examined for Microzoa was taken off Inverary, towards 
Shira Point, in 25 fathoms, bottom soft mud. 

This loch has been long famed for its MoUusca as well as its herrings. 
Pecten septenradicUis is got in Lochfyne in great abundance, seldom in 
the dredge, but by means of a net spread over the ground that they frequent, 
to which they adhere till they are pulled up— as many as 800 have been 
taken in this way. 

Terebrahda caput-serpeiUis (Linn.) is plentiful and large in the loch where 
the bottom is gravelly. Cylichna acuminata (Brug), is conmion on mud 
bottom south side of the loch opposite Inverary. The rare Emarginula 
erassa (Sow.) has been occasionally dredged off Shira Point on gravelly 
bottom. 

The Ostracoda obtained were forty-four species. Cytheridea papUloaa 
(Bosq.) and Cytheridea punctiUaia (Brady), were both in fine condition and 
prevailed much. 

Foraminifera, thirty-seven species. That of most interest was ValvuUna 
AuBtriaca (D*Orb.) running into F. conica, 

VII.-GLEN SANNOX BAY, ARRAN. 

A great portion of the bottom of this bay is covered by coarse granitic 
sand, and very barren in Microzoa. On the east side of the bay, in deeper 
water (20 fathoms), where the bottom is sandy mud, life is more abundant, 
but still poor as regards genera and species. There were only seventeen 
species of Ostracoda obtained in the gathering. When species are few it often 
happens that rare forms are met with, and gatherings containing large num- 
bers of species seldom yield much that is rare. 

Amongst the Ostracoda from this place were, Paradoxoatoma pidcliellum 
(Sars), a moderately rare species, where it does occur being mostly only in twos 
and threes, but here it is moderately common ; and Paradoxostoma orcaderue 
(Brady and Robertson), still more rare, the only other locality in which it 
has been met with being the Bay of Stronmess, Orkney. Foraminifera not 
examined. 

VIII.-LAMLASH BAY, ARRAN. 

The Bay of Lamlash is much resorted to as a good dredging ground. The 
field of operations being so near the village of Lamlash for a starting point is 
a great advantage, and the small but well-marked area of dredging ground is 
so well known to the native fishermen, and so rich in the various departments 
of the invertebrate fauna, that a successful A&y^B work may at all times be 
calculated upon. It is different when the dredging ground has to be sought 
for at a distance of miles. The depth of the bay in general is about 14 or 15 
fathoms. The bottom is variously covered by small gravel, Melobesia, shell 
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MHid, and mod, tnpptyuig a diversity of hanots favourable to the 
different forma of animal life. Confining our remarks to those incloded in 
our present subject, the Ostraooda «ere in considerable profusion, numbering 
thirty-nine species ; Foraminifera also tbiity-aine. 

IX.—HORSE ISLAND, NEAR ARDROSSAN, 

The gathering was taken a little seaward of the island, in 20 fathoms; 
bottom sandy mud, with a small admixture of gravel and broken sheila. 
Thirty-nine species of Ostraooda were obtained, and thirty-one of Foramini- 
fera. Both were in very fine condition. 

X.--BETWEEN PORTINCROSS AND ARDROSSAN. 

The gathering was taken about three miles off shore, in 30 fathoms ; 
bottom fine mud. This part of the shore is necessarily exposed to heavy 
seas, and yet the gathering was very rich, both in Ostracoda and Foraminifera, 
including forty-three species of the former and fifty-eight of the latter. 
Although this part of the coast is exposed to the south-west gales, its depth 
places it beyond the influence of the storm- waves, and the fineness of the mud 
is evidence that it is not much exposed to undercurrents, and may maintain 
a calm more favourable to the development of these minute organisms than 
the apparently sheltered lochs, where the tides, streaming between their 
narrow sides, scour the bottom every ebb and flow. Yet in some of these 
lochs where a paucity of Ostracoda and Foraminifera may be remarked, the 
bottom is covered with mud. 

XL -ST. NINIAN'S BAY, BUTE. 

The gathering from this plaoe was taken in 6 to 7 fathoms, on a sandy 
gravelly bottom. Amongst the material brought up there was little appear- 
ance of either animal or vogetable life. The gravel was clean and smooth, 
evidently from rolling on the sea bottom. The Ostracoda obtained were 
twenty-eight species. Cytherura gibha (Mttller), rather a rare species, was 
abundant and in tine condition. 

The Foraminifera numbered thirty-two species. The sculptured Lfigtna 
were well represented; amongst them Lagena suleata (W. & J.) was very 
fine. The smooth forms, as Lcigena lavis and L. gracUUfna, were entirely 
absent 

XIL-LOCH RIDUN. 

The bottom of this loch, over its greater extent, is covered with mud and 
muddy sand. Our gathering was taken about half way up the loch in 16 
fathoms, and contained twenty species of Ostracoda. Cythere tenera (Brady) 
and Cytheridea papulosa (Bosquet) prevailed most 

Foraminifera were better represented in numbers (twenty-eight), and 
contained a few beautiful specimens of Lagena slrkUa (Montagu), and 
Lagena LyeUii (Sagz.); and it may be noticed that a very fine specimen 
of the Mollusc Neopra cuspidaia (Olivi) was obtained at the same place. 

XUI.-COLINTRAIVE BAY. 

The bay on the north side deepens to 10-12 fathoms; bottom sandy 
mud, mixed Vith a little gravel. The Ostracoda obtained were thirty- 
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one spedea; some that in most other places are rather rare, were here 
moderately common ; such as, Cythere antiquata (Baird), Cythere Jonesu 
(Baird), Bythocythere corutricta (Sars), XiphichiltiB tenuiasima (Norman), and 
Polycope orbicularis (Sars). 

Foraminifera were rather more numerous (thirty-seven species), amongst 
them Lituola nauiHaidea (Lamk.), L, acorpiurus (Montfort)} and Nodosaria 
acalaris (Batsch) were very fine. 

XrV.-LOCH STRIVEN. 

The gathering was taken near the foot of the loch, in 26 fathoms, mud 
bottom ; and another gathering about four miles further up, in 20 fathoms, 
mud mixed with a little sand and gravel. The two gatherings did not differ 
much, and between them twenty-nine species of Ostracoda were obtained, 
and thirty-one of Foraminifera. There was nothing in either of unusual 
interest. 

XV. -ROTHESAY BAY. 

The gathering was taken from opposite the pier, out towards the en- 
trance of the bay, in 15 to 18 fathoms. Bottom brownish mud mixed with 
gravel and numerous dead shells. Aaiarte sulcata and compressa were 
common, mostly large in size, and all dead, having much the appearance 
of those from post -tertiary deposits. That they were so is all the more 
likely, as Dr. J. Grieve dredged a valve of Pecten Islandicus in the same 
locality. Both the Ostracoda and Foraminifera of this gathering must 
therefore be taken with some reserve, although they do not exceed gather- 
ings obtained in similar localities. The number of species of Ostracoda 
noticed was forty-three, but few prevailed much individually. The Fora- 
minifera were nearly the same in number, forty-one species, but much more 
abundant individually. Nodoaaria scalaris (Batsch) was oonmion. 

XVI.-KILCHATTAN BAY, BUTE. 

This bay, between tide, is chiefly muddy sand ; but as the water deepens 
the bottom becomes more and more muddy. Our gathering was taken in 20 
to 25 fathoms, bottom mud, with a small admixture of sand. Both Fora- 
minifera and Ostracoda were well represented— forty-four species of the former, 
and forty-six of the latter. Amongst the Ostracoda, Cytheropteron (datum 
(Sars) was common in various stages of growth. Among the Foraminifera 
the LagewB were very fine; Lagena Jtffreym especially was of great 
beauty, and far from being rare. 

XVII.-GLEN CALLUM'S BAY, BUTE. 
The gathering was taken about two hundred yards out from the bay 
towards the lighthouse, Little Oumbrae, in 19 fathoms ; the bottom shelly 
mud, gravel, and Melobesia. The Ostracoda obtained were forty-seven 
species, and Foraminifera thirty-six. The number of species was amongst 
the highest, particularly of the Ostracoda. That of most interest amongst 
the Foraminifera was Trochammina gordialis (P. & J.) 

XVIII.-LITTLE CUMBRAE. 

The material was dredged in 3 to 5 fathoms, on the east side of the old 
castle ; the bottom shelly debris, which had a very unpromising appearance. 
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Still the Ostracoda were moderately well represented, numberiDK twenty- 
eight species. Amongst them was Bcurdia injlata (Norman), a rare species 
in the Clyde district. Loococoncha impreuM, (Baird), the only species of the 
genus noticed at this place, was the most abundant in the gathering. 

Foraminifera twenty-seven species. Polyatomella crispa (Linn.) prevailed, 
and was in fine condition. 

XIX.-MUGGIE POINT 
(North-east end of Little Cumbrae). 

The gathering for Ostracoda and Foraminifera was taken about 150 yards 
off shore, in a north-easterly direction, in 16 fathoms, on a gravelly bottom. 
This place was remarkable for the number of Comatula of all sizes that the 
dredge brought up ; dozens were in the dredge, and dozens were hanging on 
the net and rope outside. At another haul about the same place, a long old 
frond otLaminaria aaccharina (Linn.) was drawn up, hoary with hundreds 
of PenUicrinua Europceus (Forbes) (the young Comatula). 

The Ostracoda obtained were thirty-seven species ; none in any great 
number or of special interest 

XX.-THE TAN. 

This is off the south end of Great Cumbrae. The buoy marks the edge of 
a bank of Melobesia, which has long been resorted to by naturalists for dredg- 
ing operations. Lima hians (Gul) and their nests are very abundant on this 
bank, especially on the west and south side of the buoy. The material 
examined for Ostracoda and Foraminifera was taken a little on the outside 
of the buoy in 10 to 12 fathoms, bottom Melobesia and mud; forty-four 
species of Ostracoda were obtained, none prevailed much. Foraminifera 
were still more numerous (forty-nine species). Qmnqueloculina Hcans 
(D^Orb.) and Q, hicomis (W. & J.) were abundant, and in very fine 
condition. The Lagence were numerous, and many of great beauty ; amongst 
them was Lagena striata-punctata (P. & J.). PaUUina corrugata (Will.) was 
also abundant an^ fine. 

XXL-CLACH. 

This is the smallest and most westerly of a small group of rocks or islets 
in Millport Bay. On the north side, or between the rock and the shore, is 
excellent dredging ground, where Mollusca, Crustacea, and Algse, are com- 
mon, and it has the advantage of easy access. The ground may be dredged 
dose by the rock on the north side, where it is chiefly mud and shell debris ; 
but farther shoreward it gets more gravelly, and much grown over with 
sea-weed. Here Crabs of various kinds are common. As the north shore is 
n eared, the ground gets too rough for the safe working of the dredge. On a 
line from the north-west end of the rock, in the direction of the west end of 
Crighton Street, till the lower end of the rock is cleared, we have found to 
be the richest part of the ground. The depth is from 5 to 8 fathoms. The 
Ostracoda obtained at this place were forty-six species. Cythere badia (Nor- 
man), a rather rare form in the Firth of Clyde, is conmion here. Cythere 
crispata (Brady) is also oonunon, and both in very fine condition. Fora- 
m inif era, forty-nine species. Amongst them is Trochammina sqiiamata (P. & J. ) 
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XXIL-KAMES BAY, CUMBRAE, AT LOW WATER. 

Many good gatherings are made in tide pools between high and low water, 
but the present is of a different character, and refers to some very interesting 
and productive gatherings obtained by scraping off the muddy sand on stones 
and rocks at the verge of low water. These mud-oovered stones at low 
water are generally found to be overgrown with minute species of Algae, as 
CaUUhamnion Rothu^ &c., and are favourite retreats for Entomostraca and 
Foraminifera. Of Ostraooda twenty-five species were obtained. As the 
gatherings in this i)aper are confined to the dredge, this one from the tidal 
belt has been introduced as a sample of what may be got on such places. 



XXIIL-PORTLOY, CUMBRAE. 

A small creek on the east side of Kames Bay, where the stones between 
tide mark are heaped up against each other, leaving hollows between, where 
a great profusion of the invertebrate fauna find shelter. At spring tides, by 
taming over the stones, excellent captures are made. In the early months of 
the year it is quite a den for the Nndibranchs, The creek is small and 
rather rocky inside, but outside, in 10 to 12 fathoms, on a bottom of sandy 
mud and small gravel, rich gatherings of Microzoa may be obtained. In one 
of these, forty-seven species of Ostraooda occurred. Cylherura celluloaa (Nor- 
man) and Cytfierideis subulata (Brady) were amongst the prevailing species. 
Paracypris polita (Sars), a rather rare species both in distribution and 
individuals, is here moderately common. 

Foraminifera thirty-nine species. Those prevailing were BiloaUma ringem 
(Lam.), Qui7i9ue^tiZi7ia ffu6ro<unc/a (Mont.), VemeuUina polystrqpTta (Reuss), 
and PolyslomeUa crispa (Linn). 



XXIV.-PAIRLAND POINT. 

This is at the south-east comer of Kames Bay, where the sea, for some 
distance offshore, is generally more or less tumultuous. 

The material for examination was dredged about 300 yards to the south, 
the bottom small gravel and muddy shell debris. The Ostraooda obtained 
were thirty-six species, the most noteworthy being Cytherura producta 
(Brady), hitherto considered a rare species; here moderately conmion. In 
another gathering a little farther to the west, in 14 fathoms, on a similar 
bottom, it was not found— this, as has been remarked, is a common 
occurrence. 

XXV.-CAPEL ROCK. 

A laige exposed trap dyke on the south side of Cumbrae, locally known by 
the name of '* De'il's Dyke." 

The gathering was dredged at about 60 yards off shore, in 10 to 15 
fathoms; the bottom muddy shell debris. Forty-three Ostraooda were ob- 
tained. Pantocypris mytUoidea (Norman) was common, and most of them, 
instead of the usual purplish colour, were of a fine full brown; also Pgeudo- 
cythere caudata, usually of a dull lead colour, was patched over with 
brownish-red. SclerochUwt amtortm (Norman) prevailed greatly. 
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XXVT.-LION ROCK, CUMBRAE. 

The gathering was taken in about 150 yards off the rock, in 20 fatLoms ; 
bottom mud. Ostraooda forty-three species; Foraminifera thirty-seven 
species. 

XXVII.-PAIRLIE PERCH. 

The perch is placed on the edge of a broad spit of sand a little below 
Fairlie, on the Ayrshire coast The gathering was taken at a little distance 
off the perch, in 10 fathoms; bottom sandy. There was nothing remarkable 
in the gathering. Cythere tnllosa (Sars) prevailed most The number of 
species of Ostracoda obtained was thirty-five. 

XXVin.-FERRY HOUSE, CUMBRAE. 

The gathering was taken a little west of the pier, in 6 fathoms ; bottom 
sandy mud. Thirty-four species of Ostracoda were obtained ; some moderately 
common, but none in great abundance. Cythere tenera was of a fine brown 
colour, without the porcellaneous character which prevails amongst those 
found in the same neighbourhood on a softer bottom and in deeper water. 

XXIX.-OFF LARGS. 

In 20 fathoms; bottom dark-coloured slimy mud. Neither Ostraooda nor 
Foraminifera were numerous in si)ecieB. Twenty-five species of Ostracoda 
were obtained; Cytkeridea papulosa the most abundant, and in beautiful 
■ condition. Cytheridea puncHUata was common, but not so fine as C. paj/Ulodo^ 
Krithe Bartoneneis and Cythere tenera were moderately common. Many of 
this last species were more or less porcellaneous, which I have sometimes 
noticed occurring on the same character of ground. 

Foraminifera twenty-nine species. Amongst them BoUvinapHcata (D*Orb). 

XXX.-WHITE BAY, CUMBRAE. 
(North-east End of Cumbrae.) 
The gathering was made in 20 fathoms ; bottom sandy mud. The num- 
ber of species of Ostracoda obtained was thirty-one. There was little or 
nothing remarkable amongst them. The most noteworthy was the state of 
Loxoconcha impreasa, the specimens of which were aU greatly eroded. Poly- 
cope cHncularis was common. Foraminifera, thirty-seven species. 

XXXL -WHITE BAY, CUMBRAE. 

Another gathering was taken nearer to the shore, in 2 to 7 fathoms, which 
will be seen in the table to differ much from the other. 

XXXII.-OFF FIGGETOCH GLEN. CUMBRAR 

In 22 fathoms; bottom sandy mud. It is remarkable that this gathering 
does not contain a single species of the genus Cytherurcu Cythere tenera lb 
conmion ; Cytheridea punctillata is more abundant than Cytheridea papillosa, 
which IB generally the reverse on a muddy bottom (C pnnctiUata is more 
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attached to ground somewhat harder). Ostraooda twenty-five species ; Fora- 
minifera thirty-nine spedes, amongst the latter Lageiva. Jeffireym (Brady) 
was very fine. 

XXXIIL-FINTRY BAY, CUMBRAE. 

This is a long sandy bay on the north side of the island, more or less 
gravelly at some points. 

The gathering was taken in 22 fathoms, about half a mile off shore, 
beyond the sand bank, in sandy mud. Thirty-four species of Ostraooda 
were obtained, Cytheridea papulosa and Gythere tubercuUUa prevailing, as 
they generally do on muddy bottoms. Polycope orbicuUma was moderately 
common, and beautifully tinged with red. Foraminifera forty-two species. 
Amongst them was the rare Layena pulcheUa (Brady). 



XXXIV.-INVERKIP BAY. 

The haul taken to be examined for Ostracoda and Foraminifera was in 12 
fathoms ; bottom mud, mixed with smaU gravel and broken shells. Thirty- 
five species of Ostracoda were obtained, mostly well represented. Cythendea 
papiUoaa prevailed greatly, Polycope orbicularis was common, and mostly 
marked with a tine dash of red. 

Foraminifera were more numerous, forty-three species. Pclymorphma 
tubtUosa was remarkable in this gathering for its large size and wide-spreading 
branches, and also a fine specimen of HotaUa niUda (WilL) 



XXXV. -LOCH LONG. 

The gathering was taken off Coulport Ferry, in 15 fathoms ; bottom 
muddy, sandy gravel. Forty-three species of Ostraooda were obtained. 
Krithe BarUmensis (Jones) and Plulomedes irUerpuncieUa (Baird) were very 
abundant ; ArgiUcecea cylindrica (G. 0. Sars), a rather rare species, was 
common. Foraminifera twenty-five species. 



XXXVL-ROSENEATH BAY. 

This gathering was made towards the pier on the opposite side, in 10 to 
15 fathoms; bottom mud. Cytheridea papillosa and Cythere IhtnelmenMS 
prevailed greatly, as they do in the neighbouring loch, and also Loxoconeha 
granulata, Bythocythere simplex was moderately common, and most of the 
specimens had a fine dash of red towards the anterior extremity. 

In a haul nearer the shore, in 2 fathoms, on a sandy bottom, Cythere 
peUudda, C. porcellanea, C. lutea, and Eucythere dedivia were common, but 
absent in that from the deeper water. It may be remarked that here Cythere 
porcellanea was in exceptionally fine condition, and of the true typical form. 

These four species, in 2 fathoms, have been placed in the list with those 
from 10 to 15 fathoms. Ostracoda forty-five species. The Foraminifcr, 
VemeuUina polystropha (Reuss), was in excessive abundance. 
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It may be noticed that Vtrgvlaria mSraJMu is very common in thia bay 
both in the deep and shallower water, on mud bottom, bat none of large size. 
Pwlua Phantapus (Linn.) is also moderately common between Roseneath and 
the Row Pier. 



XXXVII. -OFF GREENOCK. ' 

The gathering was made about a mile from the pier in the direction of 
Roseneath, in 4 to 6 fathoms ; bottom muddy sand. There is not much of 
interest amongst the Ostracoda, further than they connect the animals of 
stronger marine habits with the more brackish forms of Port-Glasgow and 
Langbank ; and they further prove that the south side of the firth at this 
place is greatly more brackish than the north. This is contrary to a popular 
belief that the sewage of Glasgow is carried down by the Clyde, and de- 
posited along the shores of Helensburgh and in Roseneath Bay. The 
gatherings from these latter places scarcely shew a vestige of brackish 
water forms; while on the Greenock side many of them are decidedly 
brackish— as CytJiere castanea, Cytheridea torosa, and Cytliert gibba^ and 
some obviously washed down from the upper reaches of the Clyde, as 
Cypris compresaci, CypridopsU obesa, and Candona alblcaniL Ostracoda 
twenty-three species. 

XXXVIIL-PORT-GLASGOW AND LANGBANK. 

We may quote here the description given of this place in a paper ** On 
the Ostracoda and Foraminifera of Tidal Rivers," by Brady and Robertson. 
Ann. and Mag. of Nat Hist, July, 1870. 

** At Langbank the tide leaves bare a long muddy flat along the river, 
nearly a quarter of a mile broad; and when the tide is out, and the river 
swollen to any extent, this is covered by fresh water. Our gatherings at 
this place were taken from low water to near high water mark. Other 
gatherings were taken from Port-Glasgow up along the river for fully a mile, 
in 4 to 8 feet water, beyond low tide. In some places the bottom is soft 
black mud; in others, muddy, gravelly sand, much covered by mussels 
{MytUus eduUs). 

" The estuary here is a few miles broad, and the tide rises from 8 to 10 
feet, the fresh water being much less felt than at Langbank, which is about 
4 miles farther up, where the water narrows greatly as it reaches Dumbarton 
Castle. It is somewhat remarkable, considering the extent of the gatherings, 
the diversity of bottom, and the very promising appearance in every way of the 
locality, together with the profusion of Coraphium laopoda and other forms 
of animal life, that the Ostracoda and Foraminifera met with were excep- 
tionally few, both in the number of species and individuals, and those mostly 
of brackish or fresh -water tyx)eL We are disposed to think that the great 
amount of chemical refuse poured into the River Clyde from around Glasgow 
and Paisley may be the chief cause. In the River Wear, where somewhat 
similar conditions exist, we have found the fauna affected exactly in the 
same manner. That some artificial cause is at work seems almost certain, 
as we have not found so poor a microscopic fauna in any river unconnected 
with manufacturing operations." 
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As many of the species of Ostracoda belong to fresh water, probably 
having been washed down from the higher reaches of the river, which our 
table does not admit, subjoined ia a list of all the species met with— 

Cypris compressa^ Baird. x Cythere angulate^ Sars. x 

Cypridopais cbesot Br. k Rob. x Linmeythere inopinata, Baird. 

PotamocypiHs fulva^ Brady, x Cytheridea papulosa^ Bosq. x 
Candona albicans^ Brady, x „ torota^ var. tere*. x x 

„ detecta, Milller. x Eucythere argus^ Sars. x 

Cythere pellucidc^ Baird. x Loxoconeha fragiUa, Sars. x 

„ castanea, Sars. x x Cytherura Robertsoni, Brady, x 

„ viridis, Milller. x x Paradoxosioma variabUe, x 



viUosa, Sars. x 



XXXIX.-LOCHGOIL. 



The gathering was taken off Aird Madaila in 90 fathoms, mud bottom. 
Neither Foraminifera nor Ostracoda were numerous— twenty-four of the 
former and thirty-four of the latter. Some of the more common, and a few 
of the rarer species were in considerable abundance and in good condition, 
as they generally arei wherever they are found prevailing ;— such as 
Loxoamcha granidata (Sars), Cytheropteron alatum (Sars), Bythocythere 
gimplex (Norman), and Polycape orbieularia (Sars). 

A gathering a little farther up the loch in 12 fathoms, bottom sandy mud, 
was much poorer in Microzoa, and had few or none of the rarer forms found 
so plentifully in that of 30 fathoms. 

XL.-GARELOCH. 

The gathering was taken in 15 fathoms, near the upper end of the loch. 
The bottom was fine brown mud, with a little small gravel and sand. The 
species of Ostracoda obtained were thirty-one. Amongst those that pre- 
vailed most were Cythere tenera (Brady), Cytheridea papiUosa (Bosq.), Loxo- 
coneha granukUa (Sara), Cytheropteron UUiaaima (Norman), Bytliocythere 
mmpUx (Norman)— most of these shells contained the animal, which added 
greatly to their beauty. Cythere tenera in this gathering had a tendency to 
a porcellaneous test. Cythere Dunelmenaia and Cythere tuberculata were also 
common, but not in very good condition. In another gathering near the 
head of the loch, in 4 to 5 fathoms, muddy bottom, Cytheridea papilloaa 
occurred, but in nothing like the numbers that were found a little farther 
down the loch in 15 fathoms, where they were in great excces. On the 
other hand, Cythere Dunelmenais was greatly more abundant in 4 to 5 
fathoms than they were in the deeper water. 

Foraminifera nineteen species. 



Digitized by 



Google 



150 TRANSACTIONS OF THE GEOLOGICAL SOC. OF GLASGOW. 

In coDDectioD with the foregoing lists, it may be of use to append a few 
short notes on the appliances for collecting the Ostraooda and Foraminifera, 
and on the preparation of the specimens. For further particnlars, see an 
excellent paper by my friend, Gr. S. Brady, on collecting and preserving 
Microzoa {Nature, voL viii., p. 63). 

Marine Microzoa may be collected by the hand net amongst the tangle, 
by the surface net, and by the dredge. The latter, however, is by far the 
most successful means. The dredge, as usually made, is so large and 
difficult to transport and work, that its use is mainly confined to special 
occasions requiring much troublesome preparation. As a large dredge is not 
required to secure these small animals, nor a large bag to hold the material 
that need be brought up from the sea bottom for examination, I have had a 
smaU instrument made, which is found to answer the purpose exceedingly 
well 

This dredge, with a rope sufficiently long to be worked in forty or fifty 
fathoms of water, will not exceed 10 or 12 lbs. in weight, and all can be 
packed in a small basket, and made available at any time when a few honrs 
can be spared at the sea-shore. Any one, moreover, who can use the oars of 
a boat can manage it by himself if required ; and it is surprising what can be 
done in this way by a single person working at his leisure. The dredge 
itself is of the usual form, and weighs 4 lbs. ; the mouth is 7 inches long by 3| 
inches wide ; the arms, 4 inches long, are jointed to the lower ends of the 
frame, admitting of motion only transversely to the mouth. This is a con> 
trary arrangement to the common dredge of the naturalist, on which the arms 
move inwards along the mouth, and not having the transverse motion, are 
apt to exercise a leverage in a direction to lift the scraper off the ground, 
which must be a frequent cause of vexatious disappointment in dredging. 

The bag used on the small dredge requires to be sufficiently fine to retain 
the small animals sought for, and open enough to allow the water to run off 
freely. The thin cloth known by the name of ** cheese cloth,** answers the 
purpose very well, when made to suit the circumference of the dredge, and 
not less than 90 inches long. The advantage of this great length of bag in 
proportion to the size of the dredge will be seen, when we consider the 
tendency that the material has in a short bag to wash out when the sea is in 
some degree rough. I have found the same form of bag to be equally appli- 
cable and efficient with laiiger dredges. The lower end of the bag is not 
sewed, but tied with a cord, by which it can be opened and emptied more 
easily than by the mouth. A stone of two or three pounds weight attached 
to the lower end of the bag keeps it in good position on the sea bottom, and 
allows it to fill the more readily. This is managed with little trouble by 
putting the stone in a small bag or net, and fixiog it to the lower end of the 
dredge bag by a running noose, which does instead of tjdng the bag with a 
separate cord. Where the water is deeper than 5 or 6 fathoms, or the sea 
rough, it is necessary to attach a stone in the same way to the rope 2 or 3 
fathoms forward from the dredge, in order to counteract the buoyancy of 
additional rope, and keep the mouth of the dredge to the ground, the weight 
requiring to be increased according to the increase of depth or strength of 
current. 

This little dredge has been found exceedingly efficient for the capture of 
the smaller forms, and the richness of the hauls that have been taken with it 
has often been a matter of wonder. Although so light and portable, it is 
sufficiently large to admit, with the exception of a few of the larger and 
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commoner things, almost everythiDg on our coasts of interest to the 
naturalist; and in this belief it has been sncoessfully used for days together 
in general work, in preference to larger dredges, indeed, knowing what a 
very small dredge can do, and the great saving of labour in working, I would 
not think of using one in a rowing boat larger than 10 or 12 inches, except 
for some special purpose. 

To prepare the dredged material for the separation of the minute organisms, 
it is neoessaiy to have in the boat a tub or paU filled with water, and to wash 
the dredged material into it through a sieve, of about one-eighth inch meshes, 
which will allow all the Microzoa to pass into the water. Many of these will 
be found floating on it, chiefly Amphipodc^ Copepoda^ &c., with some of the 
smooth-shelled Ostracoda, which can all be collected expeditiously by pouring 
the water through a muslin bag sufficiently fine to retain the animals, after 
which they are washed by pouring dean water over them. Then they 
should be transferred to a bottle containing spirits for preservation, care 
being taken to label it wifch the name of locality, depth of water, and character 
of bottom. 

The material at the bottom of the tub is next washed in the muslin bag * 
over the side of the boat till the water runs off clear. Thus cleaned, it is 
transferred to a smaU cotton bag— about 10 inches deep by 7 broad is a sisse 
that suits very welL When this material has to remain in the bags for some 
time, as often it has to do before being dried and examined, the animal tissues 
of the Ostracoda are in almost eveiy instance found to be destroyed, to the 
loss of that which often affords the only characteristics that can be relied 
upon to determine the affinity or place of any that may be doubtful or new. 

As the quantity of material usually bagged up in this way would be 
expensive and inconvenient to carry in spirits, I have found that common 
table salt answers admirably as a preservative to mix up in the bags. In 
doing this another advantage has been unexpectedly found— viz., when 
mixed with peaty mud the salt, by entering thoroughly amongst the particles, 
causes it when dry to dissolve readily in water and sink to the bottom, 
leaving the Ostracoda and Foraminifera with their usual tendency to float, 
whereby they can easily be secur^ On the other hand, dried peaty mud 
not treated with salt, when put into water floats altogether, and it is 
therefore exceedingly difficult to separate the Microzoa from it We 
next label as before described, but in this case it is more difficult to do 
it securely, as both bag and contents are wet, and may have to be packed 
together in that state for some time, which would necessarily destroy all 
ordinary labels, whether placed in or outside of the bag. To obviate this we 
enclose the label in a small wooden needle-case (to be had for threepence or 
fourpenoe a dozen), which I have never found to fail, although lying for weeks 
together in soft mud. 

The surface net is another successful means of capture, especially after 
sunset, but not for either Ostracoda or Foraminifera, except a few of the 

* In fhlB case fhe fabric of the bag reqnlree to be a lltUe finer than that last need, bo that 
none of the minnte Foraminifera may escape. A daitable kind of cloth ia tha.t known by the 
name of "Scotch lawn," of the flneneas of 26 or 38 croBS threads nnder the draper's glass. 
The bag may be made abont 18 inches deep and 9 inches wide, rounded at the bottom— 
6 or 6 inches of stoat cotton cloth next the top makes it more conveolent to work with. 
It is a groat protection to the fine bag when working, to have it within a stronger bag of 
open texture, when it can be used with more safety and freedom— a strong canTos loose 
cover is equally useful over the dredge bag. 
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family Cypridinida, though often rich in Amphipoda, Copepoda^ &a Unlike 
the dredge, with which you may return to ground where you have been 
successful, with every prospect of obtaining similar good gatherings, the 
surface net is often disappointing in this respect, as the play or feeding 
ground of these animals is so changeable, that some nights in passing over 
the same area where they had been abundant on a previous night, scarcely 
one is to be found. It often happens that the group taken in the net 
one night, is very different from that gathered on the following over the 
same surface. The darker the night and the more luminous the water, the 
more hopeful it is of success. 

There have been many different shapes and sizes of surface nets, but 
whatever these may be, one thing must be kept in mind — viz., that the 
mouth of the net must not take in more water than the meshes can freely 
let out, otherwise the contents will be thrown out by the back water as fast 
as they come in. There is reason to believe that this has been a cause of 
frequent disappointment in the use of the surface net The one I have 
found most successful and convenient in the rowing-boat is about 10 
inches in diameter, and 20 in depth; and as the class of animals taken by 
the surface net is not so minute as those obtained by the dredge, the 
net need not be so small in the mesh as that used for washing the mud- 
The same fabric ** Scotch lawn," but coarser, answers very well. The bag 
is rounded at bottom, and secured by a brass ring at the mouth, strong 
enough to bear the resistance of the current of water when at work, and a 
small hose is attached to the ring to receive the handle or walking-stick. A 
little tin can is required, not less than 6 or 7 inches in diameter, and about 
8 or 9 inches deep, half filled with sea water. The net is held over the boat 
a few inches in the water while it is moving gently along for about 40 
or 50 yards ; it is then lifted, and, putting the hand to the bottom of it, 
inverted into the can of water, so as to wash off the captures. It is then 
withdrawn to its former position, and the process repeated. 

When brought home, the contents are best seen when emptied into a 
white basin, and if anything special appears, it can be put by itself for safety 
or further examination ; the whole may be washed through a coarse sieve to 
separate the larger impurities, in the same way as the dredged material was 
washed. Another mode of collecting is by washing in a tub of water the 
dredged tangle or small Algse scraped from the rocks in tide pools or at low 
water— the animals being secured as before described. The same process of 
washing and straining may be applied with great success to sand or mud 
taken from low- water mark, which can be managed with smaller vessels 
than required for the tangle. 

Returning to the dredged material that was packed in the bags, the next 
process is to dry it well; then transfer it to a vessel with water, stirring it 
thoroughly afterwards ; skim off all that floats on the surface, which will 
contain most of the Microzoa and many of the minute shells, kc This 
should be laid on a fine sieve, then more water added to the vessel, and all 
the sediment again stirred up from the bottom, and the skimming repeated 
in this way for several times, till all is gathered that floats on the surface 
after repeated stirrings. Clean water should then be run on the contents of 
the sieve until freed of all the loose impurities; the residue is then dried and 
is ready for further examination. The material thus obtained is called 
'*floatings.*' 

In this operation, although the greater number of the Microzoa float, yet 
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many of them do so only partially, especially the rough, heavy shelled Ostra- 
coda, as Cythere Dunelmenais and C. tubercuUUa, In some cases it may, 
therefore, be necessary to re-dry and float again, or examine the material 
itself in mass; but where there is a fair quantity to work upon, this need 
hardly be done. 

The next operation is to examine the floatings, which is best done by 
sifting them through two or three sieves of different sizes ; the first to retain 
the larger forms, and so on, whereby the different grades can be more easily 
examined, as the larger do not then so readily obscure the smaller forms.. We 
then spread a small quantity on a writing slate, and with a hand lens and 
small hair pencil pick out those required, which may be transferred to small 
seiMtrate tablets for the different species. 

Searching for very minute forms is best done under the microscope with a 
low power. The work is much facilitated by drawing lines on a slip of thin 
black cardboard, suitable to the field the instrument will take in, and 
following between the lines up and down, which guides the eye over the whole 
material to be searched, without the risk of traversing by haphazard the same 
surface that has already been gone over. 

Mounting.— Objects mounted to be viewed by transmitted light are best 
seen on a black ground, and for this purpose slides made of cardboard are now 
in general use for the microscope, and are both convenient and safe for trans- 
mission by post, offering great facilities for exchange. They are also cheap, 
and where not readily to be bought are easily made. 

Any paperbox-maker will cover a sheet of cardboard (of proper thickness 
to suit the objects to be mounted) with paper of the colour desired, and 
another sheet of cardboard with black paper, cutting both sheets into sH]^ 
3 inches long by 1 broad. Let a hole be then punched in the coloured slip of 
a convenient size to form the cell,* and ipSLste it on the black slip, pressing till 
dry, and the slide is complete. • 

The objects to be mounted are now placed in the cell with a little gum- 
arabic, or two parts of gum-arabic and one part of gum-tragacanth. The 
addition of a few drops of glycerine makes it less brittle when dry. Those 
mounted for the cabinet are kept more safely, and can be examined with more 
freedom, when covered with glass. 

The Post-tertiary clays are treated precisMy as the dredged material— 
that is, dried, dissolved, and floated for Microzoa, and when wanted, the 
residue is washed free of the mud, and retried and examined for shells and 
other animal remains. 

Shales.— As the Ostracoda and Foraminifera of the shales do not float, 
that material when soft and clayey requires only to be washed through a 
fine sieve (dose enough to retain all the Microzoa) till the water runs off 
clear, then dried, and the coarser material removed by a sieve, and the finer 
siftings examined by the hand lens or microscope. 

These soft shales are often examined by mixing them well in plenty of water, 
letting it stand a minute or two to allow the Microzoa to subside; then 
pouring off the muddy water, repeating the process till clean. 

Ostracoda embedded in hard shale, lime, or ironstone, are often success- 
fully liberated from their matrix by the concussion in breaking these materials 
into small pieces. 

* Round pnDches of any size may be had from the gunsmitha, which Baits Tory well. 
Other shapes are made to order. 
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VIII. — Notes from the Island of Bute. 
By David Corse Glen, C.K 

I.— On a Tract of Columnar Sandstone, and a Perched 
Boulder, near Kilchattan. 

[Read Uth Dec, 1878.] 

The tract of columnar sandstone which forms the subject of 
the following remarks, I have thought of sufficient interest to 
bring before this Society. Although known to the Rev. Mr. 
Macbiide, and a few other residents in Bute, yet no account, 
that I am aware of, has hitherto been given of the section, nor 
has it been noticed by Dr. Bryce when describing the other 
geological features of the island.* 

The first time I observed this section was in 1S69, when 
landing in a small boat from a steam yacht with a pic-nic fiarty. 
It was so striking in appearance, that even the non-geologists 
of the company compared it to a miniature Giant's Causeway; 
and the remarkable feature is that the rock is columnar sand- 
stone, and not trap, and that no trap appears in the neighbour- 
hood, nor for some distance along the shore. I had previously 
passed alons" *^^ shore from Glencallum Bay to near this point, 
^^. made a small collection of the rocks, many of which are 
peculiar and very interesting. They are mostly igneous, and 
appear to have been ejected from some volcanic vent in the 
ixeighbourhood. 

The section lies about half a mile south of Kilchattan pier, 
and immediately beyond the first fence dyke, across the road 
leading along the shore southwards. It is about four or five yards 
wide, and extends frora below high-water mark up to the cliffs, 
which lie about forty yards inland. The strata here dip from 
the sea towards the cliff, at an angle of about 25" to 30°. 

The best developed tract of this columnar sandstone is near 

* Dr. Bryoe remarks with regard to Bute—" It has many points of R;reat 
interest ; strata occur here to be met with nowhere else in Scotland, and the 
effects of its trap dykes npon the adjoining strata are extremely curious 
—indeed of a unique character. . . . The portion extending from 
l^othesay Valley to Kilchattan is occupied by red sandstone ; and finally, 
the southern portion, with a substratum of red sandstone, consists mainly 
of various rocks of the trap family, erupted through and overlying the sand- 
8tone."-0'eoi. ofArran, ^fcc., p 316-17. 4th Ed. 
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high-water mark, and is about four or five yards square. In the 
centre of this space there is a fissure, which at first appears to 
be a dyke; but on removing the loose materials washed up by 
the tide, no trap is to be found, and the columnar structure is 
only observable for a few feet on each side of this centre. 

The columns are all nearly vertical, none being more than 
twenty degrees from the perpendicular. Their size varies from 
six or seven inches in diameter down to half-an-inch. Some of 
the large columns break into smaller ones from exposure to 
the weather, and others branch into two, forming twin columns. 
The number of sides varies from four to eight or ten, six being 
the most common. 

Heat was no doubt the agency by which the sandstone was 
made to assume the columnar form along this narrow tract; but 
the source and nature of the heat, and the conditions under 
which it acted, are the points to be ascertained and answered. 

Had a sheet of lava overflown the sandstone at this point, wo 
might expect to see its effects over a wider area of rock than 
the narrow strip of columnar sandstone which has been de- 
scribed. We might also look for some trace of this bed of igneous 
rock overlying the sandstone in the cliff, but such does not 
occur. I am inclined, therefore, to think that the sandstone 
has been rendered columnar by steam, or some other highly 
heated vapour, passing upwards through a vertical fissure in 
the rock^ and which has altered the sandstone to a certain dis- 
tance on each side. Beyond that point, a distance of some six 
or seven feet, the rock retains its normal character of a bedded 
red sandstone. 

It is well known that in the neighbourhood of recent volcanoes 
there are sundry fissures through which steam and other heated 
gases escape to the surface ; and as we have abundant evidence 
of igneous action in Bute, I think it highly probable that the 
phenomenon in question has been produced in this manner. 

A few notes of a more general kind on columnar structure may 
here be added. This structure is developed in both igneous and 
sedimentary rocks : in the former it is the result of cooling under 
certain conditions from a fluid to a solid mass; in the latter, it is 
the result of long-continued heat acting upon a mass of solid 
strata. In the cooling of a mass of basalt, or any other 
igneous product, which has a tendency to assume the columnar 
form in passing into the solid or stony condition, it is found 
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in most instftnces, that the columns arrange themselves at 
right angles to the cooling surfaces. Thus, in bedded basalt, 
the columns are vertical, or nearly so, as in the Giant's Cause- 
way, Ireland; Staffa, and other localities in the Western Isles; 
or like those on the Cathkin Hills, and at Craigallion, near 
Strathblane, in our own neighbourhood. In these cases it is 
evident that the cooling has acted from above downwards, the 
columns being most perfect in form nearest the surface of the 
bed. In masses of basalt that have come up through the strata, 
either in the form of dykes or isolated bosses, the columns are 
generaUy arranged in horizontal series in the dykes, and in 
the bosses in a prismatic or radiating order, varying from 
the perpendicular to the horizontal. Good examples of this 
latter arrangement are to be seen in the north-eastern face of 
Dunglass Hill, near the spout of Ballagan, and at the " Spindle 
Rock," near St. Andrews. 

Columnar structure in certain igneous rocks has generally 
been ascribed to a contraction of the mass in cooling, so that 
it may be looked upon as a sort of crystallisation on a large and 
rude scale; the cooling surfaces being determined by the char- 
acter of the rock mass, and the conditions under which it has 
been ejected. 

Columnar structure in sedimentary rocks is a very much 
rarer phenomenon than in those of igneous origin ; and I have 
not observed in any of the geological text-books, or other papers 
that have come under my notice, any special reference to it in 
this class of rocks. I think, however, there can be little doubt 
that it has been superinduced by heat acting on the strata in 
which it is observed. 

In most cases we can trace the agent that has produced it. 
Where intrusive and overlying trap is found in connection with 
sedimentary strata, it is no uncommon circumstance to find that 
the strata have been strongly acted upon by the heat; and in 
several instances columnar structure has been superinduced to 
a certain extent. In the pits at Shettleston, where an intrusive 
bed of greenstone lies over one of the coal seams of that locality, 
the coal is found in parts to be rendered beautifully cohimnar 
on a small scale. Columnar coal, or rather coke, has also been 
found in connection with trap in many other localities in both 
the Lanarkshire and Ayrshire coal-fields. 

We have noticed that the columnar structure in the sedi- 
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mentary rocks is always arranged at nearly wglit angles to the 
face of the trap. Thus, when the trap is horizontal, the columns 
are vertical, and when the trap is vertical, the columns are 
horizontal. A very fine example of this latter feature is to 
be observed at Bishopbriggs, north of Glasgow, where in a 
section well-known to many of the members of this Society, 
a mass of Carboniferous sandstone, several feet in width, is to 
be seen, locked between the walls of a double dyke of trap that 
runs from north-east to south-west through the strata, and a 
horizontal columnar structure has been superinduced in the 
sandstone at right angles to the vertical walls of the two dykes. 

It has also been observed that the sandstone pavement forming 
the bottom of iron furnaces which have been long in Mast, is 
ofben rendered columnar, the columns, like those in the red 
sandstone at Kilchattan, being vertical to the bedding of the 
stone. 



At & short distance along the shore southwards from the section 
just described, there occurs the finest specimen of a perched 
boulder I have seen, shewing the effect of the weather and tide 
on the soft red sandstone. As from its exposed situation on that 
stormy shore, this boulder cannot remain in its perched position 
much longer, I have thoiight it worthy of recording, and also 
of having it figured in our Transactions, from a sketch, with 
dimensions, taken on the spot by Mr. Dairon. 



The upper part or table is a micaceous schist, and the pedestal 
or pillar is a bedded red sandstone, which is so very soft that it 
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can be rubbed awa^ wHli^the fingers. The table has at one time 
been larger, a considerable comer haying split off, and is now 
lying at its base. 

The present dimensions of the table are twelve feet long, 
seven feet broad, and five feet thick. The pillar is two feet in 
diameter, and the top of the table is eight feet above the level of 
the shore at this place. 

Perched blocks of stone, supported on a pivot or pillar of ice, 
are a common phenomenon on many of the glaciers in Switzer- 
land. These blocks are often of large dimensions, and their 
elevated position is caused by the sun melting away the sur- 
rounding ice, while the stone forms a shade like an umbrella to 
protect its own pillar. 

It is evident that in this instance at Kilchattan, the soft 
column of sandstone owes its preservation in a similar -manner 
to the protecting influence of the mass of rock that now lies 
above it.* 



II. — On a Magnetic Sand from East Bat, Rothesay. 

[Read aoth Oct, 187a] 

The magnetic sand now submitted to consideration is from the 
shore at East Bay, Kothesay. Although previously observed 
on this part of the coast, no evidence had been obtained with 
regard to the rocks from whence it had been derived. On 
examination of the rocks along the beach, I was led to inves- 
tigate some of the neighbouring trap dykes which cut through 
the red sandstone, and found that by pounding to a powder 
portions of the rock of which they are composed — a dark coarse- 
grained dolerite — I could readily obtain by the magnet small 
quantities of the magnetic sand. I also found that all the dust 

* Sir Charles Lyell mentions some very remarkable perched boulders, 
which he names ** earth pyramids," or *' stone-capped pillars," at Botzen, in 
the Tyrol He says— 

** The columns are of indurated mud, varying in height from twenty to 
one hundred feet, and are usually capped by a single stone, some of which 
are ten feet in diameter. They have been separated by rain from the terraoe 
of which they once formed a part, and now stand at various levels on the 
steep slopes bounding narrow valleys."— Prmcip/f« of QeoU)gy^ vol. i., pages 
335 and 34a 
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on the road, which is macadamised with ^i» «ame trap Toek for 
several miles along the shore, yielded similar sand when tested 
with the magnet. 

Magnetite is one of the most generally diffused iron ores, and 
none is superior for the manufacture of iron. It is easily 
distinguished by its being readily attracted by the magnet, and 
also by the black colour of its streak or powder. 

It consists of 69 per cent, of peroxide and 31 per cent, of pro- 
toxide of iron, and it occurs largely in the igneous and and meta- 
morphic rocks, either in distinct octahedral cr3r8tals disseminated 
through the mass, or more frequently in compact beds, which in 
Norway, Sweden, and Russia form a most important iron ore. 
It rarely occurs in veins. 

In Rothesay Bay it is washed up by the tide, and is generally 
found about high-water mark, where it is easily distinguished by 
its black appearance on the shore. Being so much heavier than 
the ordinary sand, when it becomes dry the wind blows away 
the lighter particles, and leaves the magnetite comparatively 
pure. Only about 9 to 10 per cent, is attracted by the magnet. 
The remainder, from its colour and appearance, is possibly 
ilmanite, which is a titaniferous iron sand, and is much valued 
for the manu&cture of st^eel. 

The magnetite in the Rothesay trap occurs in the form of 
minute crystals, varying in size from the finest sand up to the 
tenth of an inch in diameter. The crystals are seen to be more 
or less water-worn, from rolling on the beach. 

Amongst the magnetic sand (about half-tide mark downwards) 
I found cubes of iron pyrites, varying from three-eighths of an 
inch downwards. These have evidently been derived from the 
wearing down of the slate rocks on the opposite side of the bay. 
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Annual General MJsetino, October 30, 1873. 

Mr. Edward A. WCnsch, Vice-President, ia the Chair. 

Annual Report by the Council. 

Mr. D. Bell, Secretary, read the Report for the past year, of which the 
following is a summary:— 

Membership.— The number of ordinary members on the roll is 174^ 

shewing an increase of 18 over the previous year, and attaining to a full 

average number, which has only been exceeded once or twice during the 

history of the Society. The Council at the same time observe that the 

J namber of vacancies caused annually by removal or otherwise seems to be 

I increasing, and trust the friends of the Society will endeavour to secure a 

r corresponding increase in the number of new members annually added to 

> the roll. 

/ Ordinary Meetings.— These have been well attended, and the papers 

I read have, as formerly, been chiefly devoted to the geology of the neighbour- 

I hood of Glasgow and other parts of the West of Scotland. 

In the Exhibition of Specimens, while the older members shew no 
fiUling off, it has been gratifying to notice the zeal and assiduity of some of 
the younger members. 

The Elementary Lectures were discontinued, owing to a full and 
excellent course on Geology being delivered by Dr. Robert Brown of 
Edinburgh to the Mechanics' Institution. 

Excursions.— The localities visited during the summer were, Thornton 
Quarries, East Kilbride ; Loch Thom and Inverkip ; Luss, Beith, Bowling, 
and Ballagan Glen. A series of shorter excursions in the neighbourhood of 
the city also took place during the Session. 

Library.— The Library continues to be largely availed of by the members, 
and the thanks of the Society are due to Mr. Richard Neilson for his care 
and attention in discharging the duties of Librarian. For some valuable 
donations of books durii)g the past year, the Society are indebted to 
Professors Ramsay, De Eoninck, and Hull ; and the Transcustions of other 
Societies, European and American, which are regularly received, form a 
most useful and important department for the reference of the members. 

Transactions.— The second part of Vol. IV. was issued early in the 
year, and more recently the first part of the PcUceontological Series, which 
was projected several years ago. This part is devoted to the Silurian 
Brachiopoda of the Pentland Hills, figured and described by the skilful 
hand of Mr. Thomas Davidson, F.G.S., Brighton, to whom, as well as to 
Professor Young and Mr. Armstrong, for their care in superintending the 
publication of the fasciculus, the warmest thanks of the Society are due. 

The Council are also gratified to announce that Professor Geikie has 
kindly consented to place at the disposal of the Society, for republication as 
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part of the TVaiuactiona, a fi»w and reviae d ^ i litf on KThis valuable "Memoir 
on the Glacial Drift of Scotland " (originaUy published in VoL L, Part 2» of 
the Society's Trcmaactions), 

The late Mr. J. Wallace Young.— The Council record, with much 
regret, the death, during the past year, at an early age, of Mr. J. Wallace 
Young, for several years a member of the Society and a contributor to its 
Transactions. Mr. Wallace Young's knowledge of chemistiy enabled him 
to do good service in investigating the composition of rocks ; and the results 
which he arrived at with regard to several of the limestones and sandstones 
around Glasgow, as set forth in his papers to the Society, are interesting and 
valuable. One of the pleasantest and most genial of companions, his modest 
and unassuming demeanour endeared him to the hearts of many, and his 
early decease causes a loss to the Society which will not easily be made up. 

The Council bespeak the zealous co-operation of the members in carrjring 
on the work of the Society, and maintaining or increasing its usefulness. 

Mr. Wight, C. A., Treasurer, read an Abstract of the Accounts for the 
year (see p. 172), and the Beport was unanimously adopted. 

The following donations to the Library were laid on the table : — 

*' The Quarterly Journal of the Geological Society;" ** Transactions of 
the Edinburgh Geological Society;" ** Journal of the Royal 'Geological 
Society of Ireland;" '* Proceedings of the Eoyal Academy of Sciences," 
Vienna ; also, from Professor de Koninck, of Liege, a further instalment of 
his valuable work, ** Recherches sur les Animaux Fossiles;" and from 
Mr. G. S. Brady, C.M.Z.S., and Mr. David Robertson, F.G.S., the newly- 
published part of their *' Contributions to the Study of the Entomostraca." 

Mr. Thos. Naismith exhibited a beautiful series of Polyzoa^ which he 
had collected from the lower carboniferous limestone at Corriebuni, on the 
Campsie ^ells. 

Mr. John Young, V.P., gave some notes descriptive of the specimens, 
and of the locality where they had been found. He stated that remains of 
Polyzoa are abundantly distributed throughout certain portions of the 
strata at Corriebum ; but it is only in a few places, where the rock has 
become weathered near the surface, that these organisms, with their lace-like 
and feathery fronds, could be obtained in a distinct and well-mai*ked con- 
dition. Sixteen species had already been identified from this locality— the 
most abundant being FenenteUa and Olaueonome; the rarest, Ptylopora 
plumoj which as yet had only been recorded from this place in Scotland. 
On a recent visit of some of the members to the district, another rare species, 
VinaUaria dkhotoma (M *Coy.), had been found. Mr. Young then described 
at some length the,stmcture of one of the species, FenesteUa, and pointed 
out some of the differences between marine and fresh- water Polyzoa. He 
remarked on the beautiftd state of preservation of the specimens under 
notice, and moved the thanks of the meeting to Mr. Naismith for his 
kindness in bringing them forward. 

Mr. Jas. Thomson, F.G.S., V.P., after a few illustrative remarks, 
seconded the motion, which was cordially agreed to. 
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^ "Mr. D. C. Glin, (TTrTstiWMtttd Bpeckaes^ of magnetic sand fh» the 
laland of Bute, principally in the vicinity of Rothesay Bay. He described 
ihiB sand as oocuning in little wreaths and patches, and occasionally in 
more considerable qoantities along the shore ; and pointed oat that it had 
evidently been formed by the decomposition or weathering of some of the 
trap-dykes which abonnd on this part of the coast. Portions of these, 
when broken down, had yielded a sand entirely similar in its properties. 
Mr. Glen also exhibited specimens of Magnetite from Norway and Sweden, 
Spain, the United States, and New Zealand. 

Mr. J. Kissop exhibited a specimen of Stalagmite from the Falls of 
Niagara, also some species of Fossil Corals frt>m the Valley of the Nith, the 
stmctore and afiSnities of which were explained to the meeting by Mr. 
Thomson. 



I 13th NoYEiiBER, 1873. 

/ Mr. E. A. WOnsch, Vioe-Prendent, in the Chair. 

I Mr. James Geikte, F.G.S., of the Geological Survey of Scotland, was 

, elected a Corresponding Member of the Society, and the following gentlemen 

; were elected resident members — viz., Mr. Daniel Macbeth, Bothesay; Dr. 

Maddever, Bothesay; and Mr. Alfred Muckle, O.E., Glasgow. 

A paper " On the Post-Tertiary Beds— Kyles of Bate," by the Bev. H. 
W. Crosskey, F.G.S., and David Bobertson, F.G.S. (in continaation of the 
series contributed by the authors to the Tranaactians of the Society), was 
theo read to the Meeting. (See p. 29. ) 

^ .^ Mr. Jambs ARMSTROya read a paper "On the Fossils found in the 

Cftrboniferous limestone Shales of Gare and Westerhouse,'* illustrated by 
a series of finely-preserved specimens collected by himself from these 
localities, situated about three miles to the north-east of Carluke. After 
describing the shale-heaps turned out long ago during the working of the 
limestone as forming a favourite hunting-ground to fossil-collectors, he 
stated that the geological position of the beds is near the top of the upper 
limestone series in the carboniferous system of the West of Scotland ; and 
their equivaleots are — the Robroyston limestone, north of Glasgow; and 
the limestone of limekilnbam, near Quarter, in which the mode of preser- 
vation of the fossils is the same, and the greater number of them specifically 
identical. He then referred to the various classes of animal remains found 
in the shales, as represented by the collection on the table, and pointed out 
the special features which many of them presented. 

The Chairman exhibited some interesting specimens of the junction of 
granite and slate from the Island of Arran, and made some remarks on the 
position of the granite in that isUnd, and on the various theories which had 
been propounded regarding its origin. He agreed with those who held that 
granite is a metamorphic rather than originally igneous rock ; at the same 
time, he had no doubt it must have been subjected to great heat, probably 
at a considerable depth, and been in a partly fluid or pasty condition, when 
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it was snbsequently brought into contact "With the ordinary sedimentary 
rocks against which it is now found He described the junctions of the 
granite and slate in several parts of Arran, pointing out how the granite 
veins often penetrate the slate to considerable distances, altering the latter 
more or less along the lines of contact. 

Mr. Jamks Thobison, F.G.S., V.P., followed with some remarks on the 
subjects which had been brought under the notice of the meeting, and con- 
cluded by moving a vote of thanks to the authors of the communications 
now read, which was cordially agreed to. 



11th December, 1873. 
Mr. Edward A. WUnsch, Vice-President, in the Chair. 

Mr. Robt Stewart, 2S Abbotsford Place, was elected a Resident Member. 

A paper was read which had been received from Mr. James Geikie, 
F.R.S.E., F.G.S., of H.M Geological Survey of Scotland, " On the Occur- 
rence of Erratics of Higher Levels than the Rock-Masses from which they 
have been Derived." (See VoL IV., p. 235.) 

A coDununication was read from Professor Hull, M. A., F.R.S., Director 
of the G^logical Survey of Ireland, also CoTresf)onding Member of the 
Society, "On the Microscopical Structure of Red Quartz-porphyry from the 
Old Red Sandstone near Lesmahagow." (See p. 25.) 

Mr. D. C. Glen, C.E., read some *' Notes on a Tract of Columnar Sandstone 
at Kilchattan, in Bute." (See p. 154.) Having described thu position of the 
sandstone referred to, Mr. Glen stated that, there being no trap rock in the 
immediate vicinity to cause the columnar structure, as in other cases, he 
was inclined to attribute the structure in this instance to the long-continued 
action of heated vapour escaping through a vertical fissure in the strata. 
Mr. Glen also read a note from Mr. John Young, V.P., coinciding with the 
explanation now submitted to the Sociely. 



15th January, 1874. 

Mr. Edward A. WOnsch, Vice-Presidenty in the Chair. 

The following were elected as Resident Members: — N!r. James Lambert 
Baillie, Ardrossan ; Mr. C. Cox, Retford ; Mr. John Tuckwell, 282 Buchanan 
Street ; and Mr. James Miller, 1.3 Robertson Street. 

Mr. David Sandeman exhibited some specimens of Caradoc and Devonian 
pebbles from Bodleigh-Salterton, Devonshire. These pebbles occur in a 
well-marked bed, in cliffs of Triassic sandstone, about live miles frt>m 
Exmouth. They are formed of a compact quartzite, well water-worn and 
rounded, and many of them contain fossils, generally in the form of casts, 
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some of them indislmct, bat ottten sharp and well-deBoed. Mr. Davidson 
had pronooDoed some si)ecies of the Brachiopoda to be of Silurian and others 
of Devonian age. Mr. Sandeoun referred to papers on thia interesting 
deposit by Bir. linford, Mr. Salter, Mr. Vicary, Mr. Pengelly, and others. 
He farther exhibited some specimens of the "Beer Stone" from the same 
neighbonrhood — a white calcareons sandstone of the lower Chalk formation — 
soft, and easily worked when first qoarried, but becoming hard by exposure. 

Mr. J. YouKO, V.P., made some remarks on the specimens exhibited, 
and also laid on the table a specimto of Gyrolepu RanJunu^ Ag., a Ganoid 
fish of the upper Coal measures, presented to the Society by Dr. Grosart, of 
Salzburg, Shotts. 

Mr. R. I* Jack, of H.M. Geological Survey, then read a paper " On a 
Boulder-Clay, with Broken Shells, in the Lower Valley of the River Endrick, 
near Lochlomond, and its relation to certain other Glacial Deposits in the 
same Neighbourhood." (See p. 5.) 

Mr. John Young, V.P., read a paper "On the Occurrence of a Bed of 
Highly-Indurated Sandstone, with Water-worn Quartzite Pebbles, inter- 
stratified with the Trap of the Campsie Fells." (See p. 51.) 



12th Fbbruart, 1874. 

Annual Business Mketino. 

Mr. E. A. WOnsch, Vice-President, in the Chair. 

Mr. John Harvie, 27 Union Street, was elected a Resident Member. 
Tho Society api>ointed Office-bearers for the ensuing year, and the Council 
was declared to be constituted as under : — 

Prestdent—Sir William Thomson, LL.D., F.R.S., &c, Professor of 
Natural Philosophy, Glasgow University. 

Vice-Presidents— EvyfAttv A. WOnsch, John Young, Jas. Thomson, F.G.S. 
Joint-Secretaries — Duoald Bell, 27 Lansdowne Crescent; John Burns, 
352 St. Vincent Street. 

TVea^wrer— John Wight, C.A., 150 Hope Street 

Xiftrarian— Richard Neilson, 110 John Street 

Other Members of Council— TiAyii> Sandrman, James Dairon, David Corbb 
GiJCN, C.E.; David Robertson, F.G.8.; Joh.^s Orr, Arthur Pratt, 
Abchibald Robertson, Daniel Wilson, Thomas Naismith, James 
Armbtrong, Hugh M Trail, Thomas M. Barr. 

The PREsrt)ENT then took the chair, and after thanking the members for 
his re- election, delivered an interesting address "On the Influences of Geo- 
logical Change on the Earth's Rotation." (See Vol. IV., p. 311.) 

A cordial vote of thanks was awarded to the President for his deeply 
interesting and instructive address. 
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12th March, 1874. 
Mr. Edward A. WWnsch, Vice-President, in the Chair. 

The Chatrman exhibited a specimen of contorted slate, which had been 
found by Mr. Hu^h Kennedy among the ruins of St. Blane's Chapel, in the 
south of the Island of Bute. 

Mr. Young shewed some beautiful photographs of limestone shale slabs, 
rich in Encrinites and Polyzoa, taken by Mr. Annan, of SauchiehaU Street. 

A paper was then read *'0n some Polyzoa from the Carboniferous lime- 
stone Shales near Glasgow," by Professor Young, M.D., F.G.S., and Mr. 
John Young, P.G.S. The authors described two new genera which they 
had established under the names of Bluibdomeaon and SteUipora, 

Mr. Robert Craio, Langside, Beith, Corresp(mding Member^ read a paper 
"On the Fossils of the Carboniferous Beds around Beith and Dairy, with 
special reference to the position of their first appearance in the Beds.** 
(Seep. 36.) , 

Mr. Jambs Dairon read a paper on a new species of Retiolites {JReHoUtes 
fhratus) found by him last summer in the Moffat shales of the lower 
Silurian system of the south of Scotland ; also a note from Mr. Lapworth 
remarking on the characteristics of this new form. Mr. Dairon reserved a 
portion of his remarks till next meeting. 



26th March, 1874. 
Sir William Thomson, LL.D., F.R.S., &c., President, in the Chair. 

An interesting series of rocks and fossils from Canada was exhibited, 
presented to the Society by Alfred R. Selwyn, Esq., F.G.S., Director of the 
Geological Survey of Canada, and brought to this country by J. Morgan, Esq., 
of Montreal. The specimens were described by Mr. John Young, V. P. , who 
stated that the collection embraced typical rocks extending from the Lauren- 
tian to the Carboniferous ^formation, and was of much interest, as enabling 
members to compare the older rocks of the West of Scotland with those of 
North America. He reminded the members of the order of succession which 
had been established by Sir Roderick Murchison in the older Palaeozoic 
rocks of Scotland, viz., that the gneissose rocks of Ross-shire, Sutherland- 
shire, and the Island of Lewis, are the oldest stratified rocks in Britain, 
above which the Cambrian and Silurian formations, lower and upper, come in 
succession. This '* fundamental gneiss," as it had been called, seemed to be 
the equivalent of the ** upper Laurentian '* rocks of Canada. It had been 
shewn by the able investigations of the Canadian geologists that these 
Laurentian rocks in that country constitute a great series, more than 90,000 
feet in thickness, and occupying an area of about 200,000 square miles. 
Also, that they are separated from the Cambrian formation by a great thick- 

l2 
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jiess of quartzite rocks, called tbe "HuroniMi series.'* Their ftDtiquity 
must therefore be inconceivably great. It was in the lower beds of this 
most ancient system of rocks that the Eozo<m Canadense, believed to be a 
gigantic Foraminifer, the oldest organism yet known to geologists, had been 
discovered. Specimens of this interesting fossil were included in the collec- 
tion; also well preserved examples of Brachiopods, Gasteropods, Cephalopoda, 
and other MoUnsca, as well as Tnlobites and Corals. These were commented 
on aeriatim by Mr. Young. 

Mr. James Thomson, V.P., also remarked on some of the fossils, and 
pointed out the exact correspondence between many of the rock specimens 
and those which he had collected for years in the Western Highlands, 
particularly in Lewis and Islay. 

Some discussion, in which the President joined, then took place upon 
the granites in the collection, as to whether they should be considered 
altered sedimentary strata or true igneous products. The granite veius in 
the gneiss were, however, held as giving evidence of complete fusion of the 
rock matter. 

The Prbsidemt expressed the pleasure he felt in being present to receive 
this friendly gift and token of remembrance from their brethren of the 
Geological Survey of Canada. He remarked that these provinces, which are 
so closely connected with this country by ties of kindred and fBimily, seemed 
also to be specially related to Scotland geologically. He pointed out how 
much the study of science might be advanced by such friendly interchanges 
between those labouring in different parts of the world ; and concluded by 
conveying the cordial thanks of the Society to Mr. Selwyn and the other 
officers of the survey for their valuable gift, and also to Mr. Morgan for his 
kindness in conveying it thither. 

Mr. Morgan briefly replied. 

Mr. Young exhibited two large and finely-preserved specimens of OofUa- 
Ute8 Listen from the Halifax coal-measures, and made some remarks on the 
nature of the chambers in the various genera of Cephalopoda, pointing out 
the gradual compUcation'of the lobed sutures from the simple tjrpe, as 
observed in the Nautilus and Orthoceras of the Palaeozoic period to the lobed 
and foliaceous sutures of the Ammonites of the Secondary Rocks. 

Mr. James Dairon continued his postponed remarks on the Oraptolites of 
the Moffat district, and exhibited a valve of a Brachiopod shell, apparently 
new to that series of beds, which somewhat resembles Orthia or Strophomena 
in form, but is probably an undescribed species. Mr. Dairon illustrated his 
observations by some beautiful drawings on an enlarged scale of the fossils 
described. 

Thanks were voted to Mr. Young and Mr. Dairon for their Gontributione, 
and the Society adjourned till 16th ApriL 
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16th April, 1874. 
Mr. E. a. WtJNSCH, Vice- President, in the Chair. 

The following were elected resident members : — Messrs. J. Ben wick, 
Alexander Munro, Daniel M'Doug&ll, James White, John Crambton, jun., 
James Gray, Thomas King, Alfred W. Brown, John Stewart. 

Dr. BoBBRT Brown, F.L.S., F.R.G.S., Ex-President of the Royal Physi- 
cal Society of Edinburgh, read a paper ** On the Noarsoak Peninsula and 
Disco Island, North Greenland." (See p. 55. ) The paper was illustrated by 
maps and sections, and some interesting specimens of the rocks and fossils 
referred to. 

Mr. Jamis Thomson, F.G.S., and Mr. John Young, V.P., having made 
a few remarks. 

The Chairman conveyed the cordial thanks of the meeting to Dr. Brown 
for his interesting and instructive paper. 

Mr. W. R. W. Smith exhibited a quantity of magnetic iron sand, collected 
from the northern shore of Loch Tay, near the outfall of a little stream that 
descends from Ben Lawers. Mr. Smith also read an analysis of the sand, 
shewing that fully 27 per cent, of it consisted of peroxide and protoxide of 
iron, and stated that it might be collected in considerable quantities at the 
part of Loch Tay referred to, and had long been used by the natives of the 
district for sharpening their scythes, &a Its origin seemed to be in the 
rocks of the Ben Lawers range, from whence it had been worn out by the 
mountain torrents, and carried down to the shores of the loch. 

Mr. T. Naismith shewed some finely-preserved heads ofCrinoids from the 
carboniferous limestones of the Beith district. 

Mr. J. Young, V.P., submitted some beautiful photographs of limestone 
shale, containing Polyzoa, executed by Mr. Annan, of Sauchiehall Street, 
similar to those shewn at a former meeting, but on an enlarged scale. 

Distribution of Mollusca, &c. 

Mr. David Robertson, F.G.S., then read a paper ** On the Recent Ostra- 
coda and Foraminifera of the ^Firth of Clyde, with some Notes on the Distri- 
bution of the Mollusca " (see p. 112). 

The Chairman, in the name of the meeting, thanked Mr. Robertson for 
his very careful and suggestive paper ; and, after intimating that the mem< 
bers would receive notices of the Summer Excursions, the Society adjourned 
till October. 



Digitized by 



Google 



168 TRANSACrriONS OF THE GEOLOGICAL SOC. OF GLASGOW. 



SUMMER EXCURSIONS— 1874. 



COHBUCTOB. 

May 2— High Blantyre, .... Mr. D. Cosse Glen, C.E. 

„ 9— Giffnock, Mr. Dbwab. 

„ 16— Comeburn, Mr. J. Young, F.G.S. 

,, 21 — (Queen's Birthday.) Killeam and 

Blane Valley, . . . . Mr. J. Young, F.G.S. 

„ 23~Beith and Dairy, . . Mr. B. Craig. 

June 6— Craigenglen, Mr. Daiaon. 

The first of the Annual Summer Excursions of this Society took place on 
Saturday, 2nd May, 1874, to the district around High Blantyre, lying S. W. 
from Hamilton — Mr. D. C. Glen, C.E., conductor. The day being fine there 
was a large turn-out of members . Mr. Glen explained the sections of geologi- 
cal interest along the route. On arriving at High Blantyre the party proceeded 
southwards to the Newfield and Broomhouse limestone quarries, examining 
on the way the section of boulder-clay and sandstone strata at present 
exposed on the line of railway near the station. At this point the nature 
and extent of the great Eddlewood fault was explained to the members. This 
fault throws down the apper red sandstone and higher coal measures of the 
Blantyre district to the north to the same surface level of country with that 
of the marine limestone strata of the Blantyre district to the south, the dis- 
placement being upwards of 2000 feet. Great, however, as has been the 
disturbance of the earth's crust along this tract of country, there are few 
evidences of this existing fault now to be seen in the present features of the 
landscape, all the irregularities having been planed down by subsequent 
denudation. The knowledge and position of the course of the fault has in 
most cases been obtained during the working of the various economic strata 
which lie on each of its sides. At one of the clayband ironstone pits on 
Blantyre Muir a few fragmentary remains of plants and fishes were found ; 
and from the richly fossiliferous shales of the limestone at Newfield Quarry 
and the adjoining pits, numerous fine specimens of various species of Fenestella 
and other Polyzoans were obtained, as were also several fine Brachiopod 
shells. Corals, Crinoids, and Trilobites. The locality has yielded many rare 
fossils to members of this Society in past years, and the result of this visit 
shews that it is not exhausted. The party returned to Glasgow heavily 
laden, and highly delighted with the day^s proceedings. 

The second excursion of this Society for the season took place on Saturday 
9th May, 1874, to Giifnock, to view the carboniferous sandstone, cement lime- 
stone, and shale for which the district is remarkable. Mr. Dewar obligingly 
acted as conductor. On arriving at Giffnock Station the party at once pro- 
ceeded to the extensive quarries wrought for so many years by the Messrs. 
Stevenson, who very kindly had retained a number of the hands to give any 
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assistaace necessary. The managers, Messn. Low, it is right to say here, 
were also in attendance, and in a courteous manner conducted the party 
through the workings, which, the general reader will note, are underground, 
and to some extent intricate, from their extent and the darkness which per- 
vades them. The Giffnock quarries are unique in their way, affording a 
field of study for the practical geologist. They consist of vast tunnellings 
underground. The arches, formed in the course of years by the removal of 
the sandrock, are 40 feet high or more in many places, and the mine 
resembles in outline the interior of so many cathedrals. The walls, right and 
left, go straight to the roof; the roofs take a hemispherical form, and, though 
rough to a degree, send forth an echo. Altogether, the workings are very 
wonderful and full of interest. The mine requires to be lighted up while 
the men are working. This is done by means of large naphtha lamps, which 
on this occasion were carried in the hand by the men in attendance. This 
sandstone, extensively used, is well known for its white colour, its lasting 
quality, and its absence of stratification, from which latter circumstance it 
has been denominated the " liver rock." It is on that account capable of 
being cut with freedom in any direction when being taken from its native 
bed or hewn for building. This sandstone lies at the base of the upper car- 
boniferous limestone series overlying the Possil group of coal and limestone 
to the north and west of Glasgow. The equivalent to the sandstone on the 
north of the Clyde is Kenmuir and Bishopbriggs sandstones, which have also 
been lai^y wrought for building purposes. The position of this group of 
sandstones lies upwards of 400 fieithoms under the red sandstones of the 
Bothwell and Blantyre district visited by the Society on its former excur- 
sion ; and the distance of this sandstone to the underlying Campsie and 
Hurlet strata will be upwards of 300 fetthoms. It therefore occupies a middle 
position in the carboniferous basin. The thickness of the carboniferous strata 
in the Glasgow coalfield is nearly 800 &thoms. Mr. Young and Mr. Dewar 
further explained the position and characteristic features of this sandstone ; 
after which the party next proceeded to Mr. Dewar's Orchard Cement 
Works, which are contiguous to it. The limestone wrought here lies over 
the sandstone — ^the strata dipping to the south and east. The band of lime- 
stone is from 20 to 24 inches thick and of excellent quality, and has been long 
worked as a cement Underlying this limestone is a thin seam of coal, from 
two to three inches thick, which is used for calcining the limestone— which 
is then ground into a powder before being sent to the market. The shale 
overlying the limestone contains an interesting group of fossils, many of 
which are in an excellent state of preservation. The principal fossils which 
have been found are Productua cagtatua, Spirifera linecUcL, Actinoceraa 
gignnteum, Leda attenucUa, Orthoeeras subeentrale, with other Univalves and 
Bivalves, Foraminifera, &c. The members applied themselves to the search 
for fossils with great eneigy; and having employed themselves very 
pleasantly in this way for upwards of an hour, they proceeded to examine 
an interesting group of flagstones, which is worked in the quarry to the 
westward of Giffnock, and which lie under the position of the sandstone 
first visited. The flagstones are from three to twelve inches in thickness, 
and are separated at almost regular intervals by a thin layer of dark-blue 
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sandy shale, which caoaes the 'beds of sandstone in the face of the quarry to 
have almost an artificial appearance, from the way the strata are built np 
layer above layer. On examining the various layers of flagstone, it is found 
that the upper snr&oe has been penetrated vertically to the depth of from 
t\ro to three inches by the. burrows of Annelids. So numerous are these 
burrows on the surfifuse of the beds that they produce a homy crust or riddle- 
like appearance. On some of the flagstones the traces and ejectamenta of 
other marine worms are left in high relief presenting an appearance similar 
to that which is to be found on the sands of our shores at the present time. 
The burrows are filled up with dark-blue shale. Mr. Dewar and Mr. Young 
(V.P.) explained the position and nature of the beds, and a hearty vote of 
thanks was accorded them for the graphic and interesting description given 
of the various localities. 



• The third of the Annual Field Excursions of this Society took place on 

» Saturday, 16th May, 1874, the district visited being Corriebum, on the 

.; Oampeie Fells— Mr. John Young, V.P., conductor. Between thirty and 

f forty, including a few of the more experienced members, assembled at Dundaa 

/ Street Station, and proceeded by the 1.45 p.m. train fb Kirkintilloch. On 

! arriving there, the party proceeded along the Valley of the Kelvin by the 

I Inchbelly Road. After a pleasant walk of four miles, the party arrived at 

I their destination, and at once proceeded to examine the various phenomena 

; of this interesting locality. Corrie lies on the hillside to the north-east of 

; Kirkintilloch, being, as already stated, four miles firom that place, and fully 

^' two miles north-west of the town of Kilsyth. The principal sections of 

strata occur at an elevation of from 800 to 900 feet above the sea level, the 
hills in the background rising to a height of 1500 feet. The very fine view 
which is obtained of the great coalfield of Lanarkshire to the south, as well 
as of the more distant tract of hill country which lies beyond, extending 
from the Pentlands in the south-east to the Arran hills in the south- 
west, which, taken along with the other varied geological phenomena 
of this portion of the Campsie range, have long made Corriebum one of 
the best teaching grounds in physical geology around Glasgow. The party 
proceeded by the western burn of the Corrie to examine the beds of 
volcanic ash and other igneous products, which are there interstratified 
with the sandstone, ironstone, and shales that underlie the limestone 
series, the action of the heat derived from contact with the volcanic 
group being very observable in the highly indurated condition of the sedi- 
mentary strata at various points. They next examined the boulder clay, 
with its numerous glaciated erratics, lying near the head of the western 
bum, some of these being of huge size—the till at this point forming the 
deeply ooomed bank to the west, while its eastern bank is composed of a 
lofty wall of trap, over which the mountain stream tumbles in a cascade, 
which, by its action, has scooped out the deep gorge between the abutting 
till on the one hand and the trap on the other. The next place visited was 
the eastern bum of the Corrie, some of the members examining on the way 
and obtaining specimens from the vein of sulphate of barytes that passes 
through the trap at this place. The section in the eastern bum is composed 
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of 8ha!e» "with numerous bands of clay ironstone nodules, the whole presenting 
a beautifal system of stratification. A search for the fossils found in the 
beds was here commenced, several fine specimens of Ortlioceras undatum and 
O. cylindraceum being obtained, as well as one or two examples of Ooniaiites, 
one of which — O, «pA<sricti«— measuring nearly three inches in diameter, is 
the largest yet recorded from the Corrie beds. A short search was also made 
amongst the Polyzoan shales that lie over the main limestone of the Corrie 
section. Numerous examples of these beautiful lace-like organisms were 
obtained, the rarest of which being Ptyhpora pluma and FcnesteUa multi- 
porata. Specimens of the commoner fossils of the coralline limestone series 
were also found ; these need not, however, be specially mentioned here, as 
they, along with the other organisms of the Corrie strata, are already recorded 
in the Society^s Tranaactiona. Mr. Young gave an explanation of the various 
geological phenomena observed in the sections at Corrie, and pointed out the 
relation of the strata to that of other portions of the Scottish coalfields. He 
also referred to the rich fields of ironstone belonging to the Fossil and Govan 
series that remained yet to be opened up along the valley of the Kelvin 
between Glasgow and Ejlsyth, but which has now been commenced at various 
points, the working of which will be very much facilitated when the pro- 
posed Kelvin Valley Bail way is completed. Mr. James Thomson, F.G.S., 
one of the vice-presidents of the Society, also gave interesting information 
regarding the fossils obtained, and pointed out the nature of the various 
rocks as the party went along. After spending a very pleasant afternoon 
upon the hillside, the members proceeded in the evening to Kirkintilloch, 
in time for the last train to Glasgow, all being highly delighted with the 
excursion. 
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Vm.— Note on the Polyzoa of the Haibmyres Limestone Shale, 
East Kilbride. By John Young, V.P., F.G.S., and 
David Robertson, F.L.S., F.G.S. 

[BeMl 12th Not., 1874.] 

Amongst the numerous localities where the Garboniferous 
limestone strata of the West of Scotland have yielded the 
remains of Polyzoa, we know of none where these organisms 
have been obtained in greater profusion and variety, than at 
Hairmyres, near the village of East Kilbride, Lanarkshire. 
At this place, in former years, a bed of limestone, of the calmy 
or cement variety, in which comparatively few fossils are found, 
was worked along its outcrop in open-cast quarries, but in recent 
years these quarries have been abandoned, although plenty of 
the limestone is still to be found at a moderate depth from the 
surface. The Bev. David Ure has the foUowing note on the 
Hairmyres limestone*: "Lime from Balbride is in high repute, 
both for manure and building. It generally takes a strong band, 
and some of it, especiaUy that from Hairmyres, has this peculiar 
quality, that> when properly mixed and wrought, warm as the 
workmen express themselves, it very readily takes a firm band 
in water. For this reason it is used in building bridges." Ure 
further mentions that this lime, if used for plaster work before 
being properly soured or slacked, "has a tendency to rise in 
blisters, and has been found to lose its hardness and consistency, 
and to fall down into powder, after being for sometime on the 
wall A considerable quantity of moisture seems necessary to 

* " Hutozy of Bntherglen and East EUbride," Glasgow, 1798, p. 260-1. 

M 
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make this uncommon lime retain its solidity. Owing to this 
quality^ however, it may in some cases be preferable to most 
other kinds of lima Its peculiarities are probably owing to a 
considerable quantity of selenite (stUpfiaU of lime) and manganese 
that appear to be in the stone." The manganese here spoken of 
is probably a misprint for magnesia (or carbonate of magnesia), 
which is present to a slight extent in our Carboniferous dolomitic 
limestones. 

This stratum, which varies in thickness from 3 to 4 feet, lies 
in the lower limestone group, and is believed to be the equivalent 
of the Birkfield or first calmy limestone of the Carluke district.* 
As formerly stated, the limestone itself is not rich in fossils, but 
the shale that immediately lies over the limestone is almost 
exclusively made up of the remains of organisms, of which 
Polyzoa and Crinoidea are the most abundant. This shale forms 
what is termed the lid of the limestone, and splits into large 
slabs, on the weathered surfaces of which there are to be seen 
numerous fragments of fronds of Fenestdla, PolyparOy and 
Olauconome, in a more or less perfect state of preservation, 
while the debris of these and other genera of Polyzoa com- 
pletely cover the surface of the stone. At one time any quantity 
of these limestone slabs, covered with their organisms, might 
have been collected near the old quarries, but, what with the farmer 
using them for covering drains, and the visits of geologists to 
the locality, few good specimens are now to be obtained. We 
are indebted to Mr James Bennie, of the Geological Survey of 
Scotland, for the discovery of a spot near Hairmyres Railway 
station, where this bed of rich Polyzoa shale is to be found in a 
soft weathered condition; in which state, after being dried, and 
washed clean in water, the debris can be easily searched for the 
fragments of Polyzoa and the other contained organisms, and 
which occur in an excellent state of preservation, the Polyzoa 
being of a fine white colour. The fragments, when mounted, are 
interesting objects for microscopic investigation, and in this form 
are better fitted for examination than those found on the slabs, 
although the latter show the habit of growth of some of the 
species more clearly. The spot at Hairmyres where the weathered 
shale can be collected, is in the marsh alongside the line of 

* See Expltuiation to sheet 28 of the Geological Survey of Scotland, p. 69, 
70, for list of foMols found on this horizon. 



Digitized by 



Google 



BOBE^ITSON— MOTE ON POLTZOA OF HAmHTRES SEALS. 175 

railway which is bounded by the curling pond. As the water 
covers the ground during the winter months, it can only be got 
readily in summer. When washed free of the clay, it is found 
to be nearly a pure Poly2soa debris, in which are seen the 
other organisms contained in the bed. The list of Polyzoa is 
subjoined : — 



AcUnostoma feneitraiumf Dr Young and J. Young. 

Areh4gopara nexUii, De Koninck. 

Ceriopora inkrporoici^ Phillips. 

— — smilis, PhilL 

Diattopora megcutomct, M'Coy. 

FeMiteUa erawi, M'Coy. 

carinatOt M*Coy. 

formotaf M*Coy. 

— membrarMceetf Fhill. 

nodtdosa, Phill. 

plebeia, M*Coy. 

tennuiJUth Phill. 

— — undulatOf Phill. 



Olaueonome stellipora, Y. k Y. 

iuperOf Y. & Y. 

degaiUy Y. & Y. 

' fleoncarinata, Y. & Y. 

. laxa, Y. & Y. 

• marginalUf Y. k Y. 



rOroJUxa, Y. k Y. 



ffyphaamopora Bushii^ Etheridge. 
MdbdoTMaongraciUjThi}!. 

. rhoTobiferum, Phill. 

Polifpora tubereuUUa, Prout. 
Synodadia carbonaria, Ether. 
SukoreUpora jparaUda. Phill. 



Common. 

Bare. 

Bare. 

Rather rare. 

Common. 

Rare. 

Bare. 

Bare. 

Common. 

Bather rare. 

Conmion. 

Bare. 

Bare. 

Common. 

Bare. 

Common. 

Bare. 

Bare. 

Very common. 

Very common. 

Bare. 

Bare. 

Common. 

Bare. 

Very common. 

Very rare. 

Common. 
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IX.— Notes on the Silubian Books of Dumfriesshire and 
their Fossil remains. By James Dairon, V.P. 

[BeMl lOth December, 1874, and 80th April, 1876.] 

Underneath the finely rounded, green clad surface of the hills 
of Upper Annandale, in the south of Scotland, we find a vast 
series of thick-bedded rock called Silurian grit, and formerly 
known as Grauwacke. This grit is hard and compact, of a 
greenish grey, and sometimes of a purplish tint. Accompanying 
it there is also to be found a dark-coloured slaty shale, and 
these two series form the Scottish equivalents of the Upper 
Llandeilo beds. 

In examining the black Graptolitic mudstones or shales of the 
Mofiat district, say at Dobs Linn, Hartfell, Beld Craig, or in 
many other places, their position and appearance at once show 
that they must have been subjected to great disturbing influences 
long after they had been laid down quietly on the old Silurian 
sea bottom ; for we find them tilted up at very high angles, and 
in many instances quite vertical They are also very much twisted 
and contorted, with numerous jointings running at right angles to 
the line of stratification. And in connection with these jointings 
occur frequent small faults which spoil many a fine specimen. In 
their crumpled state it is exceedingly difficult to split them 
up, while in their normal condition it can be done with the 
greatest ease. 

In section we see these dark shale beds passing along in an 
undulating or waving form, plunging beneath the reefs of hard 
grit, and making their appearance again and again in more 
distant parts. To what agency can be attributed the great force 
which has been at work displacing, upheaving, and contorting 
these rocks ? There are no trap dykes, or outbursts of igneous 
rocks observable in the locality, such as are so common in the 
Western Highlands. I have only seen one spot near Mofiat^ 
where the trap rock appears at the surface, and which was shown 
me by the late Mr Brown of the Star Hotel in that town. Here 
the trap was quarried for road-making purposes, but is not at 
present in use. 
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The mineral composition of these dark-coloured mudstones or 
shales, seems to vary very much. In many places they are 
anthracitic to the extent, it is stated, of 5 per cent; other shales, 
again, are charged with aluminous pyrites which effloresce after 
they have been exposed to the air for some time, splitting them 
up, and gradually reducing them to powder, while another part of 
the shale beds may be entirely free from that substance, and, as a 
rule, split up easily, exposing their fossil remains in an excellent 
state of preservation. 

In the Moffat district the Graptolitic shales may safely be 
divided into two well marked groups : the upper containing the 
more simple forms, the lower holding the remains of the branching 
and more complex kinds of Graptolites. I am aware that there are 
some writers on the Moffat shales who endeavour to make three or 
four Graptolitic horizons. But I am not disposed, with the evidence 
before me, to go that length at present, thinking that multiplica- 
tion of horizons only leads to confusion. Some time ago, when 
at the Beld Craig, a short distance from the place where beautiful 
examples of the simple forms are got, I was fortunate in 
discovering a spot where the lower or branching species, such as 
Dicdlograptusy Pkuroffrapttis, are found in great abundance, none 
of these forms having been previously got at Beld Craig. This 
locality may now be classed with Dobs Linn and Hartfell, as 
containing the lower shales with their equivalent organisms. I 
may here mention that this lower shale is very easily broken across 
the bedding, falling into small tabular pieces, but it hardens when 
exposed for some time to the atmosphere. A number of years 
ago a person, acting under unsound advice, and deceived by the 
bituminous appearance of the shale, began to sink a shaft for coal 
near this spot, but of course had to abandon it, after spending 
a great deal of money. Garpel glen, so far as yet known, has yielded 
none of the complex forms, but in some nook of this lovely spot, 
it is hoped that further investigation may yet bring to light the 
lower group of shales and their accompanying fossils. 

I have already spoken of the underground influences which 
have affected the Graptolitic shales to the extent that must 
necessarily have been at work in upturning them from their 
normal position. I might further point to how favourably they 
now lie to be acted upon by atmospheric influences. The rain 
gets upon their upturned edges, the frost expands and splits them 
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up, they fall asunder and form great taluses such & we see in 
many pkces, and these in winter are swept down by the flooded 
streams. I have frequently picked up excellent specimens in the 
liver Annan, at a distance of six or seven miles from the parent 
rock at Hartfell, and also in Moffat water, showing the great 
effect of water in the removal of rocks. 

In most of the above localities, and in many others at 
or near the base of the hills, we find large patches of 
a red sandstone which elsewhere assumes the appearance of 
a breccia, containing, as it does, a considerable mixture of 
angular pieces of the older Silurian grits, and other rocks. 
It is well represented at the foot of HartfeU, and again 
at Frenchland bum ; also, in the bed of Wellbum, where there is 
also a small patch. At Dobs Linn it has more the appearance of 
a decomposed sandstone, and is very red in colour. Observing 
this at so many points, I think we may be justified in supposing 
the hills around to have been capped with a thick bed of sand- 
stone which was denuded away, and washed into the hollows 
in the old Silurian valleys below. These red patches have been 
referred to the Permian series. 

The Graptolitid83, so far as is at present known, are entirely 
confined to the Silurian rocks, dying out at the close of that 
formation. Although those ancient Zoophytes have thus not a 
wide range stratigraphically, yet, geographically it is greater, as 
they are found in various parts of the globe. And indeed 
wherever the old Silurian grits are exposed, the Graptolitic black 
mudstones or shales will generally be found accompanying them. 
No fossil remains have as yet been got in the grits of Moffatdale, 
but their equivalents in Cumberland have yielded, I believe, a 
few species, though in a bad state of preservation. These grits 
make an excellent building stone, and are extensively used for 
that purpose. The zoological position of the Graptolitidse has 
given scope for various opinions as to their family relationship, 
many authorities holding that they are allied to the living 
Vlrgulariay while others refer them to SerMaria, The late Mr 
Salter up to his death thought they should be placed with the 
Polyzoa, but it is now generally admitted they have their nearest 
allies in the Sertularian Zoophytes or sea firs. The remains of the 
Graptolite, as found embedded in the dark- coloured shales, 
showing a long row of denticles, is nothing more than an outside 
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frame-worlror skeleton filled in with foreign matter, and there 
can be no doubt that in its living state it was invested with a 
chitonous or homy covering, such as forms the chitine en- 
velope of the colonies of Sertularians. The differences between 
the Sertularian Zoophyte and the Graptolite may be thus summed 
up — they both consist of a colony of Zooids, each of which 
inhabits a chitonous cell or "hydrothecsB;" they both have forms 
of a single row, and also a double one ; they have both a common 
canaL One point of difference, however, is that the Graptolitide 
were supposed to be free floating organisms, while the Sertularians 
were invariably fixed. Another difference is, that the cells or 
<<hydrothecffi" of the Sertularians are not in contact or over- 
lapping each other, while those of the Graptolitidee are mostly 
overlapping, the genus Badriies forming an exception. Another 
difference still is, that the Sertularians have no stipe or solid axis 
and common canal, as possessed by the Graptolites. 

To determine and name species of this class of organisms 
would require great caution on the part of a collector, as there 
are many causes which may alter the appearance of the Graptoli- 
tic remains, such as the position in which they lie in the matrix, 
the degree of pressure they have sustained, and the age of the 
organisms ; these variations in each circumstance may all tend to 
mislead, and cause new varieties or species to be made out of 
the same Graptolitic form. In proof of this, we have only to 
take up one of the specimens that I have brought forward for 
illustration, viz. : DvplograpPus tamariscus, Nicholson. The upper 
part of the organism is in relief in a beautiful state of preservation, 
while the under part is squeezed or compressed, being the state 
in which it is generally found. I venture to say, that any one 
not acquainted with the fossil would certainly be liable to make 
two distinct species out of it if each portion was found separate 
from the other. 

In order to show the process of development^ I have brought 
forward a slab crowded with the young forms or "germs" of 
Graptolites, many of them assuming a dagger-like shape, and from 
one-eighth to one quarter of an inch in length. Lobes or cells 
begin to grow at a certain distance from the initial point upon 
the solid axis, increasing in number and size, until they reach the 
distal termination j but in the genus Diplograptm they taper gene- 
rally to the distal point before the completion of the adult form. 



Digitized by 



Google 



180 TRANSACnONS OF THE GEOLOGICAL SOO. OF GLASGOW. 

I 

I will now give brief descriptions of a number of species, from 

the Moffat district, belonging to the following genera^ and of 

which specimens are before you, viz. : — 

C^imacograptus, Diplograptus. 

Dicdlograptus, JHcranograptus. 

Oraptoliies. Boitrites. 

Pleurograptus. EetidUu. 

By the aid of a model which I have constructed, and which shows 
the internal and external structure of Climacograpitis terdiusctdus, 
one of four well-known forms, I hope to be able to describe more 
plainly than I could by any drawing, the characteristics of several 
specie& Climacograptus teretiiisetUvs, His., was described and 
named by Prof. M'Goy as Diplograpsus rectangularis, and of this I 
bring forward various specimens: one in relief shewing the 
notches and cell mouths in their original position; another a 
scalariform example ; and several others shewing the cell mouths 
and partitions. It is very abundant, having a W}de range, passing 
up through the Skiddaw Slates, Lower and Upper Uandeilo, 
Carradoc, and Lower Llandovery. It will be observed that the 
frond of this species shows no row of denticles or hydrothecsa, 
as in GrwptolUhus sagitianus, linn., G, Nilssord, Barr., and many 
others, but merely eUptical indentations forming the cell mouths 
on both sides of a cylindrical frond or tube, which are not level 
to each other but alternate. Its width when fuUy developed is 
about one-eighth of an inch, the solid axis being prolonged both 
proximally and distally to a considerable length, the external 
appearance of the frond varying according to the amount of 
pressure it may have sustained. There are about 30 hydroihecsB 
to an inch. The cylinder or frond of Climacograptus terdiuseulus, 
His., is made up of two semi-circular compartments, placed back to 
back, the median septum, with the solid axis placed in the centre 
of it, forming a mutual gable or partition, as it were, between the 
two colonies of Zooids, which have each their own row of cells and 
common canal, each colony being thus quite independent of the 
other. The localities for this species are Dobs Linn and Duffkinnel 
bum, Hartfell, etc. 

In the genus Dkellograptus the polypary is composed of two 
simple branches, springing bi-laterally from the radical or initial 
point The branches or arms are monopriodon, and asstune 
different angles in different species. The cells or hydrothece are 
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generaUy-rf^posite to the radical or initial point, bat in some 
examples they are foand on the same side. The size of the radical 
or spines varies very much in di£ferent species, and in some they 
are altogether awanting. It seems not easy to determine to what 
uses those spines could have been applied, as there is no evidence 
that they were objects of attachment If we look at their 
different positions, with regard to the spines inside of the angles, 
or concave parts rendering these, one would think it impossible 
that they could be used for the purpose of attachment ; besides, 
as already stated, there are some forms without any radical or 
initial point whatever. 

The genus Dicdlograptus was founded by M'Coy as Didymograptus 
(1851), and includes those Graptolites which are bifid, or of a 
twin character. The vertical range of this genus has its com- 
mencement in the Skiddaw and Quebec groups, and also attains 
its maximum in those rocks, in which it is represented by 
numerous and remarkable examples. It besides occurs in the 
Lower Llandeilo, and is also well represented in the Upper 
Llandeilo, but is scarcely known in the Garradoc rocks of this 
country ; several examples are, however, found in the rocks of this 
age in America. This genus is not known in the Upper Silurian 
series, and may safely be said to be characteristic of the Lower 
Silurian period. The localities where I found it in Moffatdale 
are Dobs Linn and Hartfell. 

The polypary of the genus IHcranograpius, Hall, has a double 
row of cells towards the proximal point, but divides at a certain 
distance up from the radical into two monoprionidian branch^gi.^^ 
on the outside only ; or keeping the same line as commenced at 
the proximal point, and having two small lateral spines at each side 
of minute radical. The structure of JDioranograpius ramosus, Hall, 
resembles the form Diploffrapms for so far up or at the branching 
point, but the hydrothecsB appear to have the same form and 
structure as Climacograptus. The branching of the two arms at 
a certain distance makes it easily distinguishable from the allied 
forms Diplograpkis and Climacograptiis. In its vertical range the 
genus Dicra/nograptus, so far as at present known, is entirely 
confined to the Upper Llandeilo of Britain, but is found in the * 
Garradoc rocks of North America. Its localities here are Dobs 
Linn and HartfelL 

The genus Monogra^tus, or the simple Graptolite, consists of a 



Digitized by 



Google 



182 TRANSACTIONS OF THE GEOLOGICAL SOC. OF GLASGOW. 

siDgle row of cellules, ranged on one side of a long fimps^od or 
solid axis, and which is often prolonged beyond each end. Between 
the base of the cells and solid axis is a cylindrical space, called 
the common canal, in which was enclosed a fleshy substance or 
coenosarc, from which the buds took their form, and is thought 
to have been thrown off at stated intervals. This common canal 
is frequently observed running along between the cellules and 
solid axis; the cells or hydrothecsB receiving their origin from 
the coenosarc are merely small cups or tubes which each contained 
one inhabitant. The cells are supposed to have had four borders; 
the inner is not defined, in consequence of it forming the under 
part of the cellule which rests on the common canal ; the outer I 

border forms the cell mouth. In some forms this margin is very 
small, as seen in Monograptus Sedgwiekiiy and in some others, and 
may be said to scarcely exist. The inferior margin bounds the 
cellule proximally, the superior forming the distal point. Its . 

localities near Moffat are Beld Craig, Garpel bum, and i 

Dobs linn. 

The curious genus Pleurograptus is one of the branching forms, 
the frond being composed of two serrated branches, springing 
right and left from an initial point or radical process ; but some- i 

times this latter is not present A second growth of branches 
breaks off from the main stem or primary branch, and this is 
repeated on the opposite side of the stem. They are not level to 
each other, but alternate, growing at nearly right angles to the 
stem, and other branches growing from them again. One of the 
many specimens of this genus which I have, shews another 
branch, especially a specimen from Beld Craig, which gives off 
branches repeatedly, while the one figured by Mr Carruthers only 
gives off two from the main stem* Pleurograptus linearis^ Carr., 
is the only known species of this genus. I have found it in the 
Moffat district at Hartfell and Beld Craig. 

The genus Baslriies, Barrande, is well represented in the 
Moffat shales. It has a slender solid axis, often fragmentary, 
curved, and sometimes of a scroll form, upon which the cells are 
ranged at right angles. The cellules vary in distance from one- 
eighth to one-sixteenth of an inch, as in the species B, peregrinuB, 
Barr., each cell or tube standing quite clear and independent of 
another, differing from the genus Monograptus by the cells which 
are mostly in a sloping direction, and overlapping each other. Its 
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Moffatdale are Garpel barn, Beld Craig, and 



loc 

Dobs Liim. 

Time will not at present permit me to describe in detail 
all the different genera and species before you, but I 
intend, at some early date, to bring before the Society another 
collection of Hydrozoa and Crustacea from the Moffat shales, 
and which may be made the subject of another paper. 



Fie. 



Explanation of Platb I. 



1. RaarUe$ pertgrinm, Barrande. Natural size. Beld Craig. 

2. — capiUaris, Carruthera. Slightly enlarged. Beld Craig. 

8. Monograptut wUermedius, Carr. Natural size. 

4 & 10. lobifems, M'Coy. 4 enlarged, 10 nat. size. Polmoody Bum. 

6. MffUtarius, Hisinger. Slightly enlarged. Garpel Bum. 

6. Sedgvdckiif Portlock. Natural size. Dobs Linn. 

7, CUnganiy Carr. Natural size. Duffkinnel Bum. 

8. UnutM, Portl. Slightly enlaiged. Garpel Bum. 

9. Sedgwiclcii, PortL (var. vpinigerua, Nich.) 

Natural size. Polmoody Bum. 

11. SedgwickUf PortL (var. trianffuUUtts, Hark- 

nees). Natural size. Polmoody Bum. 

12. fimhriatus, Nich. Natural edze. Polmoody Bum. 

13. ffeUli, Barr. Natural size. Polmoody Bum. 

14. Dvplograptue jHUineus, Barr. Natural size. Polmoody Bum. 

16. fotiiim, Hisinger. Natural size. Garpel Bum. 

16. eometckf Qmmtz. 16a enlarged. Beld Craig. 

1 7 & 18. angu8t\foliu8, HalL 1 8 nat size, 17 enlarged. Polmoody Btun. 

19 & 27. Cflimaoograpttu tereiiutculus, His. Both enlarged. Dobs Linn. 

20. IMplograptus vesictdonu, Nich. Natural size. Dobs Linn. 

21. €flimaeograptiu$ WUwnif Lapworth. Natural size. Dobs Linn. 
22. : jpristis, His. Natural size. Dobs Linn. 

23. -■ acuminatum, Nich. Twice enlaiged. Polmoody Bum. 

24. WhUfiddii, HalL Twice enlarged. Dobs Linn. 

26. ClimacograptUB bicomis, HalL Slightly enlarged. Dobs Linn. 

26. Oloetograptua ffiwMi, Hopldnson. HartfelL 



Fio. 



Explanation of Platb II. 



*1. 7%amnoffraptu$ cmeifer, Dairon. Natural size. 

2. DiceQograpttu anceps, Nich. Natural size. 

8. DicranograptuB ramosus, HalL Natural size. 
*4. ReiioUtes branchia^us, Dairon. Enlarged half. 

5. Amphigraptut divergens, Hall. Natural size. 

6. Dicranograptus textans, Hall. Natoral size. 

7. NickdUoni, Hopk. Natoral size. 



HartfeU. 
Dobs Linn. 
HartfelL 
Dobs Linn. 
Beld Craig. 
HartfeU. 
Dobs Linn. 
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Fio. fc^, 

8. DiceUograptva divaricatuty Hall. Natural size. Dobrai^kM^ 

9. ^— — degans, Carr. 9a enlarged. Dobs iSiin. 
10. Amphigraptui divergentf HaUL Natural idze. HartfelL 
11. shewing a bud from main stem. HartfelL 

12. LepU)graptu9 jkbccidutf HalL Dobs Linn. 

13. Corynoidea calicularis, Nich. Enlarged twice. HartfelL 

14. La9iograptu9 costatiu, Lapw. Dobs Linn. 
*16.Dicdlograptu8 ffuiUoche, Dairon. Dobs Linn. 
16. divariccUu8y HalL Shews radical, 

with spines. Dobs Linn. 

17. Pleurograpiua linearitt Carr. HartfelL 

18. Lanograptus fMurgcmJUUus, Lapw. Dobs Linn. 

19. DiplograpUts quadrimturonattu, Hall. HartfelL 

20. L^tograpttts fiacciduSf Hall. HartfelL 
21 to 26. Germs of yarious species twice enlarged. Dobs Linn. 

The figures are drawn from specimens in my own collection. The nomen- 
clature is taken from Mr Lapworth*s list in the Catalogue of Western Scottish 
Fossils, Glasgow, 1876. I adopt it for the sake of uniformity, althouj^ I do 
not agree with it in all cases. 

* Figures 1, 14, and 15 of Plate 11. will be described in a future paper. — J. D. 



X. — Notes on a Tract of Vertical Trees in Carboniferous 
Strata. By William Grossart, Surgeon, Salsburgh. 

[Read Uth March, 1876.] 

The finding of fossil trees in an erect position is not a new fact. 
The mere fact of their occurrence, however, gives us no information 
as to the modus operandi that placed them in position, whether 
they grew on the spot we now find them, or were drifted by 
currents, deposited in soft mud, finally sunk, and by some 
unknown physical law raised to an erect position. No efforts 
ought to be spared, when opportunity offers, of noting carefully 
the condition and arrangement of the accompanying stratification, 
as it is not to the tree-trunks alone, but to their surroundings, that 
we must turn for information on this very interesting period in 
the earth's history. To further this object is the aim of the 
following brief communication. 

The lower Drumgray coal is wrought at eight different points 
in the west end of Shotts parish, at an average thickness of 
twenty-two inches; the normal arrangement of the strata 
immediately above the coal being nearly uniform throughout It 
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may be stdfed in order that their altered condition may be better 
understood when the facts of the present enquiry come to be 
detailed. What is usually called the roof, consists of a compact 
sandstone of from two to five fathoms in thickness; a few inches 
of gray clay shale, seldom exceeding a foot, separates the coal 
from the rock above. The shale above this coal has yielded few 
organic remains ; in one place, above the shale, a flagstone two 
and a-half inches thick is found, having its under surface covered 
with casts of vermicular markings; at another, this flagstone 
assumes the form of laminated sandstone^ some portions of which 
contain large quantities of sporangia or spore-cases of Lepidostrobi. 
Above Shotts " smithy coal " — equivalent to lower Drumgray — an 
inch or more of black shale sometimes occurs, firom which I have 
collected a scale of Platysomus, a firagment of GyracanOms 
formosuSy and one AnOvracma^ which constitute all the animal 
remains found in this bed. 

The phenomena about to be described occur in a coal-pit forty 
fathoms in depth, lately sunk to the little Drumgray coal. After 
a pit has been sunk, it is usual to cut horizontal mines in various 
directions from the pit bottom, these being afterwards used a^ 
main roads for the conveyance of the product of the mine, and in 
one of these the first of the upright trees were discovered. The 
shale at the pit-bottom, above the coal, attains the unusual thick- 
ness of fourteen feet, the coal being of the usual thickness. The 
first mine is eight feet wide by seven in height, and after being 
driven a distance of about twelve fathoms, the coal, which had 
been observed gradually thinning, suddenly dropped to two and 
three inches: the shale likewise decreased' in thickness, 
and when the mine was abandoned, had lost four feet of its original 
thickness. This mine being given up, new ones were driven in 
other directions, where the coal was found to be of the usual 
thickness, and as the work progressed, additional erect tree-trunks 
were brought to light, eight of these having now been found. In 
the first mine three were got at fifteen and twenty feet apart ; 
another close to one side of the mine, the only one left in sUu^ the 
others having all been blown to pieces by the action of gunpowder. 
The trees all rest on the coal bed, and disappear in the shale 
forming the roof of the mine, but no opportunity has offered of 
observing if they enter the sandstone above. There is an 
interesting circumstance connected with these trees, — ^they all 
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incline at a very small angle^ and in one direction^ or lean toward 
the *' rise " of the strata, corresponding to the old water maigin. 

From the usual destructive operations of mining, no opportunity 
has been offered of ascertaining the existence of branches or roots ; 
their height is also uncertain ; the observed height is seven feet, 
and from their undiminished diameter at that height, the 
probability is that they passed through the whole thickness of the 
sandstone. There is, however, some negative evidence of roots 
seen in the tree already mentioned, as left standing in its original 
position, with the shale and coal connected with it, undisturbed, 
shewing a vertical section of the shale and coal, the tree in high 
relief in the foreground. In the shale at the base of this tree, 
thin lines of coal, about the thickness of a shilling, are seen 
radiating from the trunk outwards and downwards in the direction 
of the coal-bed, at the distance of one and two inches apart, and 
are probably root-remains. 

All the trees are encircled by a layer of very fine coal, about a 
quarter of an inch in thickness, which is the thickest I have seen in 
connection with any vegetable remains, and would require about 
three inches of wood or woody matter for its formation : the data 
on which I have founded this calculation will be given below. 
On removing the layer of coal, the central core, which is com- 
posed of shale, has the colour and appearance of a highly-polished 
piece of jet, and has a slicken-sided appearance, but no striations 
or other mechanical markings are visible. The usual organic 
markings found on similar remains are here absent, and without 
this guide it is impossible to determine to what genus they belong. 
Markings or corrugations do certainly exist on the core, but they 
are so irregular in size and arrangement, that they appear to have 
resulted from irregular pressure, or shrinkage of the woody circle. 
The coaly cylinder is easily detached, and being the mould in 
which the core was cast, presents a reversed appearance. The 
outer surface of the coal has the same jet-coloured, fine-polished 
appearance as the inner, with longitudinal corrugations, which do 
not correspond with those on the inner surface. 

How did this layer of coal receive the fine poUsh it now exhibits ? 
On closer examination it was found that the coal itself is not 
polished, but has its surface on both sides covered by a thin coat- 
ing of clay or shale, generally about the thickness of writing 
paper, but in some parts much thicker, and on this thin layer of 
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day, the poliBhing agent has acted. These polished surfaces I 
propose to adopt as evidence that these ancient trees possessed a 
central hollow, and a distinctly separate wood and bark ; the wood 
and bark being now represented by a layer of coal, and the central 
hollow filled with shale. 

The modem opinion, and the most rational one, is that coal beds 
were formed on land from the decay of vegetable matter, and were 
afterward submerged to receive their usual covering of water-borne 
shale and sandstone, so after subsidence the ancient forest under 
consideration — which must have been preserved in an erect 
position by some special local circumstance — ^would be surrounded 
by water holding in suspension large quantities of clay, the 
embiyo of a future shale-bed. The layer of clay on the inner 
surface of the coal tends to prove a hollow stem, else no clay could 
have entered. The clay held in suspension by the water would 
naturally adhere to the woody surface, some chemical combination 
might take place between the alumina and the vegetable acids in 
the wood, forming a thin layer, which, if not already smooth, would 
be acted on by the water and clay in motion, as the polishing 
agent Other proofs of a central hollow are not wanting ; some 
are slightly compressed ; one has part of its circumference pressed 
inward till it meets the centre of the stem. The shale-bed, as I 
have already stated, is fourteen feet instead of a few inches, and 
contains abundance of plant-remains. Catamites, with their 
foliage Asterophyllites, are plentiful; Stgitlaria and Lepidodendron 
are also represented, but very sparingly. 

In reviewing the physical aspects of this Carboniferous forest, 
some interesting problems present themselves, bearing on the 
physical history of that period. First, the thinning-out of the 
coal to two and three inches, suggests either a thin portion in the 
usual bed, or, that after its formation, it may have been washed 
away by some local current. Second, after the submersion of the 
trees, the hollow of subsidence must have been filled in a short 
time, or how could these fragile stems have withstood the 
corroding influence of " frost and fire" during the slow deposition 
of fourteen feet of shale. 

I will now conclude by giving the data on which my calculations 
were based in estimating the quantity of peat or woody matter 
required to form a bed of coal. In these computations fractions 
ha^'e been laid aside. A number of years ago a pit was sunk to the 
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slaty-band ironstone. The material first passed through consisted 
of twelve feet of moss^ and on the mossy surface a hearth was 
formed, whereon the ironstone was calcined. This hearth was 
in use for several years, and from the heat and pressure of the 
burning ironstone, the moss gradually sunk, forming a consider- 
able hollow. Ultimately a house was built at the place, and the 
old hearth was removed to form part of a garden, when it was dis- 
covered that the twelve feet of moss had been converted into 
twelve inches of good coke. The coke had the usual prismatic 
appearance, was dark coloured and hard, but did not shew much 
of the usual silvery gloss found on coke made from coaL It did 
not absorb water, or emit smoke when burning. Twelve feet 
woody matter equal one foot of coaL 



XL— On BiVER Debbis found in Sandstone. By William 
Grossart, Surgeon, Salsburgh. 

[BMd Uth Mwch, 1876l] 

At the present day, it may appear superfluous to bring forward 
proofs of the existence of rivers in Carboniferous times, and that 
these rivers carried in their flood the mud and sand which helped 
to form our shale and sandstone beds, but if we discover in the 
debris of these old rivers the remains of rocks containing animal 
remains brought from a distance, enclosed in a bed of sandstone — 
a circumstance seldom met with — another proof is recorded, and a 
new charm given to an old subject. 

The following interesting phenomena, lately come under my 
own observation, occur in an open quarry where a sandstone 
above the Virtue Well coal is wrought for building purposes, 
affording eveiy facility for accurate investigation. The sandstone 
in this locality is sixty feet in thickness, the usual thickness being 
a few feet, and in some localities absent altogether. The arrange- 
ment of the beds is as follows : — 

1. Sandstone, 60 feet. 

2. Bed of Gritstone, 2 feet. 
8. Shale bed, 18 inches. 

4. Laminated Sandstone, 10 feet. 

5. Black Shale. 

7. Virtue WeU coal. 
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I will describe these beds in regular sequence, beginning at the 
upper or highest. 

L Sandstone bed. — This bed requires no special notice; it shews 
diTisional planes and false bedding, and when split up, a piece of 
drifted coiJ is occasionally found. 

2. Oritstone bed. — ^This bed is composed of angular and rounded 
pieces of quartz, of the size of field beans and under, embedded 
in sand; is about two feet in thickness, thinning-out and disappear- 
ing near the rise-end of the quarry; being above the shale bed, is 
produced a few feet beyond it, and, as a sequence, rests on the 
laminated sandstone lying below the shala When this bed is 
split by the workmen, remains of trees, pieces of black shale, and 
gas-coal are found enclosed : some pieces of shale measure nine by 
five by two inches, and are of frequent occurrence. The gas-co^ 
is not so plentiful, and is got in smaller pieces, of one and a-half 
inch in thickness. Besides these, there are found numerous small 
rounded bits of what appears to be decomposed ironstone. On 
splitting some of the enclosed shale, I discovered fragments of 
AnChracosia and a small bivalve crustacean. This shale and gas- 
coal cannot have travelled very far; they are angular, and bear no 
trace of striations, and their original locality must have been 
below the Virtue Well coal. The Kiltongue mussel-band in this 
district, parish of Shotts, is found at si3cteen fathoms below the 
. Virtue Well coal, and would therefore crop-out at a higher level, 
and in a position liable to be carried away by the action of a 
stream. This band furnishes shale and gas-coal similar in 
appearance to that found in the grit bed. Of the animal 
remains the bivalve crustacean is common to other beds, but the 
AnOwacosiaf found in the drifted shale, belongs to what I call the 
smooth-shelled order, which I have never found in the upper 
Drumgray coal, or below it, and the probability is, that the drifted 
shale and gas-coal belong to the Kiltongue mussel-band. On 
comparing the grit bed itself with the Millstone grit found in 
the neighbourhood, they appear to be identical, with the exception 
of the enclosed debris. About a mile distant, and toward the 
out-crop of the strata, the Millstone grit beds, by a dislocation, 
are brought to the surface, and although their geographical extent 
is only a few hundred yards wide, they gradually broaden as they 
pass from Shotts parish, through Gambusnethan and part of 
Carluke parishes. The Millstone grit series in this district 

N 
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consists of beds of fine and coftrse-grained sandstones, with inter- 
calated beds of grit, and from the following statement, it will be 
seen that one half their thickness has been carried away. In a pit 
in this district, sunk to the slaty-band ironstone, a dislocation was 
come to in the osual operations for winning the ore, which brought 
the Oare limestone to the horizon of the ironstone, and from 
' several bores put down to the limestone, it was discovered to have 
forty fathoms of stratified metals above it; and if, as is supposed, 
the Millstone grit series extends from the slaty-band to the Gare 
limestone, or one hundred fathoms, it is plain that about sixty 
fathoms of that series must have been carried away at some 
distant period. There is no proof, except from similarity in 
appearance, that the grit bed in the quarry was derived from the 
Millstone grit series, else it might have proved that the dislocation 
that brought these beds to their present position took place 
anterior to the formation of the Virtue Well coaL Another 
question here presents itself — Whether the upper coal beds, or 
those above the Virtue Well, ever extended beyond their present 
limits) If so, they would have been found resting unconformably 
on the eroded Millstone grit. 

3. Shale bed, — ^This bed is eighteen inches, and thinsout and 
disappears under the grit bed. I have found no organic remains 
in this bed, nor any peculiarity worth noting. 

4. Laminated Sandstone. — ^This is the ''faik" or flagstone of 
the quarrymeu, used for pavement, and is about ten feet in thick- 
ness; is composed of laminae of white sandstone, varying in thick- 
ness, separated by fine, dark grey lines, all parallel to each other 
and to the planes of stratification, shewing that deposition took 
place in still water, or a slow-running stream. There are no 
ripple-marks, or organic remains found in tliis bed. It is easily 
split into pavement of any desired thickness, and when divided, 
one face is found studded over with pit-like markings about the 
size of one's finger point, the reverse having corresponding eleva- 
tions. The markings pervade the entire thickness. Their first 
appearance would suggest the foot-prints of some animal, but on 
close inspection, although nearly uniform in size, they are seen 
to be so irregularly placed that they cannot be pronounced as 
such. A rain-drop theory has been proposed to account for these 
peculiar markings, but I believe has never been seriously enter- 
tained by practical geologists. A vertical section of the pits 
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shews the laminse quite in order, or very little disturbed, but 
under each pit they are bent out of position, as if pressure had 
been applied. This bending, in general, does not involve more 
than three or four laminsB, but in some instances they extend 
three inches vertically into the bed, and in this case the initial 
laminsd have the usual bent or semi-circular form, but gradually 
become pointed in the middle, and ultimately end in an acute 
A°gl^9 giving to the arrangement the appearance of an inverted 
cone, whose base is the width of the pit-mark. 

The following additional particulars have come to light within 
the last few days: — In the usual operations for removing the 
flagstone, its ordinary character disappeared, and a solid bed of 
sandstone took its place, — not gradually, as might have been 
expected, but abruptly, like the step of a stair. This new bed 
is of that variety called "liver-rock," that is, shewing no lines of 
stratification, about a foot thick, and is not a continuous bed, but 
appears in patches of several feet across the strata, and a short 
distance to the "rise," and there gradually assumes its old form 
of laminated sandstone. On examination as to the probable 
cause, I found a line of large pieces of shale embedded in the 
rock, running across at nearly right angles to the " dip and rise," 
forming a partial weir, but how far this arrangement extended 
I cannot say, as the extent of the quarry is at present a little 
confined. Among the debris I found black shale, brown or 
paraffin shale, and coarse gas-coal. Some pieces of this shale 
measure two feet by four inches thick j one piece, still in position, 
is fourteen inches high, thickness unknown. The finding of 
brown shale in the debris strengthens my former opinion that 
the drifted shale was derived from the Kiltongue mussel-band, 
as this "is the only bed in the district where brown shale is found. 
The appearance of the liver-rock so abruptly must be attributed 
to local causes; its position at the back or up stream side of the 
weir, shews that the usual current of the stream must have been 
interrupted at this point, and the sand carried by the stream 
would settle down on the sheltered side of the obstruction, and 
the mud usually forming the grey lines of stratification would be 
carried away, leaving the sand in a pure condition; this is the 
more probable in consequence of the liver-rock extending but a 
short distance beyond the obstruction. 

These are all tiie observed facts that I have been able to collect; 
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they may be of some use to future investigators who may attempt 
to account for the formation of these peculiar markings. 

6. Black shale bed. — ^This bed is not seen in the quarry, but in 
the same bed, half a mile distant, I got part of a tree, three feet 
long by five inches diameter, composed of white sandstone, which 
could not have been formed in black shale, but must have been 
brought from a distance, — that is, if fossil remains are generally 
converted into the same substance as the rock in which they are 
embedded. 

From the facts above related, I conclude that the beds under 
consideration were formed at the mouth of a river flowing from 
east to west, at a period posterior to the formation of the Virtue 
Well coal; and taking as granted that the underclay was the soil 
on which the vegetation grew to form the coal bed, the conclusion 
is that dry land existed during the* growth and decay of the coal- 
forming plants, and that the land afterward sank sufiSciently to 
form the bed of a river, carrying in its flood the worn materials 
of older strata, which now form the roof, shale and sandstone, of 
the coal bed. 



XII—- Notes on a Raised Beach at Gumbrab. By Mr David 
Robertson, F.LS., F.G.S. 

[BMd 20th May, 1875.] 

The late James Smith of Jordanhill was the first to point out 
a difference between the moUuscan fauna of the post-glacial 
deposits and that of the raised beaches; also, that the fauna of 
the raised beaches was identical with that living in neighbouring 
seas, and that both of these deposits are anterior to the recent 
or historical period. 

He says, ''On one of my cruises* I had the good fortune to 
be accompanied by my lamented friend Edward Forbes. .... 
After visiting the Clyde deposits, we proceeded to Port Rush, 
on the Irish coast, where I had discovered a pecidiarly rich 
deposit^ collecting nearly 100 species in its raised beach, about 
15 feet above the level of the sea. At the first glance, he 
exclaimed, 'Here is an end of your Arctic climate; these 

• " Reeearches in Newer Pliooene Geology,'* 1862, pp. 76, 77. 
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shells indicate a warmer climate.' Next morning he told 
me that he had been thinking over the climatal conditions of 
the Port Rush shells ; that we were farther out at sea than 
in the Clyde beds; the shells were, therefore, more pelagic in 
their character, and had a wider range. He would not, therefore, 
say that they indicated a warmer climate ; but he could see no 
reason to suppose that they indicated a colder one. This was 
rather peiplexing, as some of the shells were unknown to me ; 
but upon the discovery of the last of these shells by Captain, 
now €reneral Portlock, I became satisfied that there were two 
distinct formations." 

No further search appears to have been gone into in regard to 
the fauna of these old beaches of Scotland. But be their age 
what it may, a decided break is established between them and 
the post-tertiary deposits, which contain Arctic shells not now 
living — or,, at least, not now known — in our neighbouring seas. 

Whatever variations of climate obtained during the whole 
deposition of the post-tertiary deposits, they do not appear to 
have left any decided impress of change on the moUuscan fauna, 
no break that may not be satisfactorily accounted for by existing 
conditions. It is true that in some districts the post-tertiary 
fauna differs from that of another, at no great distance, in its 
apparently more northerly or southerly aspects, which unquestion- 
ably might arise from local causes, independently of climatal 
changes. The same thing holds good at the present time. For 
instance, Fusm TarUm (Bean), Fusus Ncrvegkus (Chemn.), Fusv>s 
BemkieTisis (King), and Saxicava (Panopcea) Narvegica (Spengler), 
all northern species, have been taken living on the coasts of 
Durham and Northumberland, while no trace of them has been 
found on the western coasts of Scotland. We may reasonably 
infer that similar variations occurred in the seas of ancient times, 
yet no one would ascribe them to change of climate. 

Perhaps nowhere is the old twenty-five feet raised beach seen 
with more advantage than round the shores of the island of 
Cumbrae. Millport is built upon it, or, at leasts upon a plateau 
regarded as belonging to it, though the greater portion is not 
hiJf so high. From Kames Bay along to the south-west end of 
the island, a length of about one and a half miles, marine debris 
is seen lying in the greatest abundance. Elsewhere all round 
the shore it is generally comparatively bare, with only a little soil 
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eorering the rock, except a few gravellj patches heie and theEe, 
and at two or three places clay with Arctic aheUa. 

One of these shell beds crops np on the noith-east side of 
Karnes Bay ; it is composed of hard reddish day, and, firom its 
dip, apparently passes under the sea. It lies between tide madcs, 
bat is seldom seen except when laid bare by storms. There is 
another Arctic shell bed lying at a higher level (32 feet abore 
high water) on the west side of the Collie, where the shells are 
imbedded in sand.* It may be worth notice, in passing, that 
the shell sand of this bed was only reached, bat not passed 
throagh. A short time ago, a well put down about twenty 
yards to the west of the old cutting, passed through the deposit, 
which proved to be only about a foot thick, and much more hard 
and compact than the over-lying sands. Under ttus firm shell- 
beariog sand, grey laminated clay, two feet thick, was cut into, 
and also contained Arctic shells; but, as it was not pierced 
through, its depth is therefore at present unknown. There is 
every reason to believe that this is the same bed which crops 
out in Karnes Bay. Moreover, Arctic shells, such as the valves 
of S<mcava Norcegica and Fecten Islandicus, are often thrown up 
on the shore in Balloch Bay, opposite Fairlie, and at the west 
end of Fintry Bay. There can, therefore, be no doubt that all 
these patches of post-tertiary clays around the island are, or were, 
connected with the clays on the opposite shores, and those again 
with all others in the Clyde valley containing Arctic shells. 

The area referred to of the Gumbrae raised beach is chiefly 
covered by the calcareous sea plant {Mdobesia calcarea), locally 
known as "Marl." 

The principal exception is the beach in Karnes Bay, which 
consists of sand and gravel. In the sinking of a well there, 
about seventy yards inland from high water mark, six feet of 
fine sand were passed through, next one foot of peat, then seven 
feet of gravelly sand ; a few hundred yards farther back the sand 
thinned out on the peat, showing conclusively that all the sand 
over the peat in this place has been wind-drifted. The peat 
proves the existence of a fresh-water morass, which overlaid the 
gravel perhaps at no very distant date. 

The portion of the beach to which I shall more particularly 
refer in this paper is that at the south-west end of the island, 
* TranB. QeoL Soc. Glas., YoL III., p. 118. 
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exposed in a catting for a new road near the battery, where 
many acres of the flat land consist chiefly of shell ^'rnarL" 

The shells are mostly littoral, many more or less broken and 
water-worn. One moderately common is Trochus Uneatus (Da 
Costa), and is of considerable interest, in so far as it is not 
known to be now living on the neighbouring shores. Its habitat 
is on stones near high water mark. Jefireys records it from 
Dorset, Devon, Cornwall, Swansea, Anglesea, Channel Isles, 
Ireland as far north as Donegal Bay, and Spain. The following 
Scottish habitats are also given : — ^Dunbar (one specimen in deep 
water (Laskey); Peterhead (Macgillivray); Cumbrae (Smith); but 
Jeffi*eys thinks that these Scottish localities require confirmation. 
In reference to Mr Smith's find, there is now much reason to 
believe that he was right, firom the fact that opposite this old 
beach has long been a favourite dredging ground of marine 
Zoologists; and as portions of this old beach are carried away by 
every storm into the sea, there is nothing more likely than that 
Mr Smith might dredge up one of these washed out shells. 

As raised beaches occur near Dunbar, and probably at Peter- 
head, the above is a reasonable explanation of the finds at both 
these places. 

The range of Trochus lineaiua being confined to stones and 
rocks near high water, it could not be a£fected in any way by the 
shifting or transition of banks of one character into that of 
another, or other disturbances at the sea bottom, or by the changes 
in the depth of water. If due to change of circumstances at all, 
we cannot well suppose any other than atmospheric influences ; 
and the fact that it is now more a southern than a northern 
species, favours the idea that a lower temperature prevails now 
than was the case when the shells of the old sea beach lived. 

Tapes decussatus is another shell moderately common in the 
same beach, and not now found, so far as I know, round the 
shores of the island, though abundant on other shores at no 
great distance. 

From the quantity of shells in the beach burrowed into by 
the sponge Cliona cdata (Grant), it would appear to have been 
much more plentiful at one time than it is now, as recent 
examples of those species which suffered most from its attacks 
in these old beaches, are now rarely to be seen touched by it 

A land shell, Hdix nemaraliSf is not uncommon amongst the 
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debris of tlus Taised beach, and mig^t bave got there readily 
enough by being carried into the sea by riyen or streamletB, and 
again thrown np on the beach. 

Another of these stragglers is a fragment of bone sent me by 
my friend Mr Lerach, which he fonnd in the same beach at a 
depth of six feet^ and which was sabmitted to Professor J. 
Yonng, who pronounced it to belong to the right lower jaw 
of a yonng cow. Had the whole skeleton been found, it would 
be natural to suppose that the animal had been buried there 
purposely; but, as there was only a portion of a bone, it is 
more likely that it was deposited there along with the material 
in which it was found. 

It may be remarked that Mdobeda pdymorpha (Linn.) is common 
in the post-tertiary chjs of the West of Scotland, associated with 
Arctic shells, and is still more common, living all round our 
coast ; but no trace of M. calearea has been met with in these 
beds, although pAent in our old sea beaches, and abundant 
in our present seas^ 

It might be expected that the fauna of the old raised sea 
beaches would be exceedingly rich, where so much has been 
washed up by tides and storms, — where moUusca, polyzoa^ 
ostracoda^ and foraminifera have been floated up on the roots 
and stems of the large sea-weeds, and left on the shore to be 
disengaged as the plants decayed. But such accumulations of 
the remains of these ancient life forms do not seem to have 
taken place ; so far as these old sea beaches have come under my 
notice, they are generally poor in variety, although occasion- 
ally one or two species may be very abundant. The scarcity of 
ostracoda and foraminifera, compared with the quantity obtained 
from an equal amount of material taken from the neighbouring 
sea-bottom, is particularly noticeable. 

In regard to the age of these old sea beaches, although from 
the date of their formation till the present time there may be no 
change in their fauna sufficient to characterize a geological epoch, 
such as we have between the post-tertiary and raised beach 
deposits, yet the disappearance of the species above referred to 
is an inducement to extended research in the same direction 
for other facts that may lead to some satisfactory conclusion 
as to whether these variations are merely local, or brought about 
by more widely supervening influences. 
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That some sub-aerial change has taken place at no very 
distant time, geologically speaking, we may infer from the fact 
that the remains of laige trees are found in the peat of the 
Shetland Isles, where no trees will now grow. Sir Charles 
Lyell, in his ''Antiquity of Man," refers to a deposit of peat 
in Denmark vaiying from 10 to 30 feet in depth, where remains 
of Pintu sylvestris, 3 feet in diameter, are found near the bottom; 
next is a layer containing the sessile variety of oak; next follows 
the pedunculated oak, and overlying that is the beech, a common 
tree in Denmark, but flourishing in places where the pine will 
not now grow, Whatever variations may have taken place in 
the temperature of our country, and whatever its efifects on 
animal and vegetable life on land, since the formation of our 
raised beaches, such effects do not appear to have obtained 
appreciably at the bottom of the sea ; one reason probably being 
that the range of temperature is vastly greater on land than 
in the sea. For the examination of doubtful species of the 
moUusca^ I have to acknowledge my obligations to Mr Owyn 
Jeffreys, P.G.S. 

The list of species met with is as follows : — 



MoUoflca 
Crostacea 



Echinodermata 
Foramimfera 
Forifera 
Alga .. 



66 species. 

24 „ 

2 „ 

2 „ 

17 „ 

1 „ 

1 „ 



Total, 113 



MOLLUSC A. 
OONCHIFEBA. 



Ostrea eduUg (Liim.) 
Peeten maximut (Linn.) 

operwlarU (Linn.) 

Lima hiaru (GmeL) 
MytUus edulU (Linn.) 

modiolus (Linn.) 

Lueina boreali* (Linn.) 
Cfardium edide (Linn.) 

Noroegicum (Spengl.) 

Cyprina Idandiea (Linn.) 
Vcnm canna (Linn.) 



Common; moderately large. 
Bather rare; laige. 
Small and fragmentary. 
Bare; rather smalL 
Moderately rare. 
Moderately rare. 
Moderately common. 
Common. 
Common. 
One fragment. 
Moderately common. 
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Venutfoieiaia (Dm Ooeto). 

gallina (Liim.) 

omUa (Peon.) 

esoolda {Ujol) 

Tapa puUaitra (Mont.) 

- decumatui (LAbjl) 

virgineui (Lum.) 

aureus (Qmel.) 

TeUina eras$a (GmeL) 

BaWUea (Liim.) 

Mactra iubtrunctUa (Dft CO0U). 
8oUn ennf (Liiiil) 

PhoUu criipiUa (LiniL) 

Pakila wulgata (Lbm.) 
ffdekm peUueidum (Linn.) 
Tedura pirginea (MttIL) 
£marginulaji$iura (Liim.) 
Tro^ua magui (Linn.) 

Uneatui {Dm CotAa), 

- cinerariui (Liim.) 
— « unMtcatui (Mont.) 
Lacuna divaricala (Fabr.) 

paUidula (Da Corta). 

LiUorina liUorea (Linn.) 

radii (Maton.) 

-^— > — obluMtUa (Linn.) 
Riuoa parva (Da Costa) 
eoiUUa (Adami). 

tiriata (Adams). 

cingillut (Mont.) 

reticulata (Mont.) 

—^ vidacea (Desm.) 
Hydrdbia uLwe (Penn.) 
Skenea ptanorbtM (Fabr.) 
CoKum trachea (Mont.) 
Twrritdla terebra (Linn.) 
Sealaria communiB (Lam.) 
Odattamia spiralu (Mont) 
Natica caUna (Da Costa). 

Alderi (Forbes). 

ApcrrhaU pe^peUcani (Linn.) 
Cerithkm reticuUUum (Da Costa). 

- pervenum (Linn.) 
Purpura lapUlus (Linn.) 
Buccinum undatum (Linn.) 
Fuiui gradUt (Da Costo). 



OASTEROPODA. 



Common* 

Moderately ran. 

Bare. 

Moderately oommon. 

Common. 

Moderately < 

Vei7« 

Bare. 

Bare. 

Moderately i 

Moderately rare. 

'A few Cmgments. 

Bare. 



Common. 

Bare. 

Moderately oommon. 

Bare. 

Very oommon and large. 

Moderately common. 

C^ommon. 

Common. 

Bar^ 

Moderately rare. 

Very common. 

Moderately common. 

Common. 

Moderately common. 

Bare. 

Moderately common. 

Common. 

Moderately common. 

Qxunmon. 

Bare. 

Moderately rare. 

Moderately rare. 

Bare. 

Bare. 

Bare. 

Bare. 

Bare. 

Bare. 

Vety common. 

Bare. 

Very common. 

Oommon. 

Moderately rare. 
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Fu8U8 anttquu$ (Linn.) 
Nana reticuUUa (Linn.) 

incrassata (Strom.) 

PUurotoma rtrfa (Mont.) 

coaUUa (Don.) 

— septangularig (Mont) 

ttrioUUa (PhiL) 

■ Trevdyana (Turt.) 



CfyprcBa Buropcsa (Mont.) 



Bare. 

Moderately rare. 

Bare. 

Bare. 

Bare. 

Bare. 

Bare. 

Bare. 

Moderately common. 



CRUSTACEA. 



CIRBIPEDIA. 



Balaniu poreaius (Da Costa). 
^—^ balanoides (Linn.) 

crenatus (Brug.) 

Vemica Strdmia (MtiU.) 



OSTRACODA 



Pontocypris myiiUnde$ (Norman). 
Oythere convexa (Baird). 

vUlosa (San). 

lutea (MttlL) 

aJho-maculaia (Baird). 

anguUUa (Sara). 

pukheUa (Brady). 

peUueida (Baird). 

tenera (Brady). 

wridis (MtOL) 

Cytheridea papiUota (Boeq.) 
Loxoconcha imprena (Baird). 
XeatoUberit auratUia (Baird). 
Cytherura nigretcens (Baird). 

angidctta (Brady). 

Jlavescena (Brady). 

ceWttfo«a (Norman). 

acuUcoitaUk (Sara). 

P<uradoxo9Uma eM\f<jrme (Brady). 



Bare. 
Bare. 
Rare. 
Bare. 



ANOMOUEA. 
Claw of Crab. Sp.f 



Bare. 

Moderately common. 

Common. 

Moderately rare. 

Moderately common. 

Bare. 

Moderately rare. 

Bare. 

Moderately conmion. 

Bar^. 

Moderately common. 

Moderately common. 

Common. 

Bare. 

Bare. 

Bare. 

Bare. 

Bare. 



ANNELIDA. 



Serptda vermicularis (Ellis). 
SpvrobU commtmU (Flem.) 

ECHINODEBMATA. 

EdanuB iphara (MiilL), Plates of 
AmphidatuSf Spine of 



Common. 
Very common. 
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FORAHINIFEBA. 



BUoctdina ringeni (Lam.) 
TrUocvUna Urigonvla (Lam.) 
Quifiqudoculina Beminulum (LimL) 

— bicomia (W. k J.) 

■ secaiu (D*Orb.) 

— — tiibrotunda (Mont.) 

Spiroloculina plantUata (Lam.) 
Lagena stdcata (W. & J.) 
Polymorpkina giJtiba (D'Orb.) 

— ■ comprtiBa (D'Orb.) 

tmbuloaa (D'Orb.) 

Textularia aagiUula (Defiranoe). 
TrunciUuUna lobahtla (Walker). 
Botalia Becca/rii (LimL) 
Polyttomdla critpa (Limi.) 

— — tiriato-punctata (F. ft M.) 

Nonianina depreanUa (W. & J.) 



Rare. 

Bare. 

Common. 

Moderately common. 

Common. 

Moderately common. 

Rare. 

Bare. 

Common. 

Moderately rare. 

Moderately rare. 

Moderately rare. 

Moderately < 

Common. 

C/ommon. 

Common. 

Bare. 



PORIFERA. 



Cluma odaJta (Grant), buxrowB of 



Common. 



ALGA. 



Meloberia cakarea (Ellis k SoL) 



Common. 



Xni.— On the Geology of the Island of Islay.* By James 
Thomson, F.G.S., correspondiDg member of the Boyal 
Science Society.of Li^ge, Belgium. With a Map. 

[Bead 18th May, 1875.] 

There are few parts of Scotland of which we know so little of 
the geological features as of those of the Island of Islay. The 
only information we have on the subject is to be found in Dr 
M'Gulloch's " Highlands and Western Isles of Scotland/' vol. ii., 
page 249 ; and by Prof. Nicol, in his '^ Geology of the North of 
Scotknd.'' 

Dr M'Culloch deals principally with the topographical aspect 
of the island, of which he gives a map and several section& He 
describes the rocks in the central valley as being made up of 

* The substance of this Paper was read at the meeting of the British 
Association in Edinburgh. 
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limestone, and notes the occurrence of granite boulders on the 
eastern side, and Prof. Nicol repeats these observations. But as 
neither of them identified the stratigraphical position of the rocks 
of Islay, the object of the present communication is to do so, and it 
will be best accomplished if I shortly notice, in detail, the stratified 
deposits. In order that their superposition and succession may 
be somewhat clearly defined, I have made a section of the most 
important points, which shows in succession the lithological order. 
I shall begin with the superior deposits on the south-eastern side, 
and review them downwards and westwards. 

The southern end of the island is extended seawards in the 
form of a peninsula, which, from Slochdmhaol-Doraidh in the 
north, to the Maol na h-Otha * in the south, is a distance of about 
seven miles, terminating at the Maol na h-Otha in bold water-worn 
precipitous cliffs, about 500 feet in height The rocks here are 
quartzite, but on the south-west point, under Dunadd,t they 
consist of a gritty sandstone, with interstratified shales. The 
most notable of these is a band of chocolate-coloured aigiUaceous 
shale, imbedded in which are numerous masses of peroxide of 
manganese, varying in size from that of small peas up to pieces 
firom 8 to 12 inches in diameter, the surface of these having a 
more or less mammalated aspect These nodules, when broken, 
show radii of great beauty, and are delicately fibrous in structure. 
Their nucleus is usually of a different substance, sometimes appear- 
ing to be scoriaceous. In some instances the centre of the larger 
examples is broken up into irregular cellular chambers, which 
occasionally contain minute hexagonal crystals, of a delicate 
yellowish-green colour. If the manganese is dissolved in acid, it 
effervesces briskly, t 

Masses of quartzite, made up of thin bands, are to be seen 
dipping under the sandstone, which overlies a thick bed of shale 
of a dark bluish-grey colour. This again overlies a series of beds 
of impure limestone, which splits up into thin flakes, some being 

* Meaning MnU of Oa. 

t Dnnadd is the remaina of an old fort, supposed by some to have been 
built by the Danes, on their way to the battle of Largs, a.d. 1268. 

:^ It is worthy of remark that, since the above was noted, Prof. Sir Wyville 
Thomson has discovered manganese in a red day bottom, at a depth of 
upwards of 8000 fathoms, in various parts of the ocean. May not the red shale 
of the Islay section have been deposited under similar conditions ? 
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not more than | of an inch thick. Upon these flakes there 
are impressions of a very peculiar kind, some being attenuated 
to lines not thicker than the ^ part of an inch, -^ of an inch 
broad, and from 1 to 3 or 4 inches in length. They terminate 
at the opposite extremities in a somewhat clavate form; the 
structural characters cannot be made out in any of the examples 
that I have seen. * 

On the east side of the Maol there is a deep gully, called 
Allt na meinne,t produced by a small stream, which has cut a 
channel into a bed of impure graphite, in which are imbedded 
large cubes of sulphate of iron. This bed is overlaid by a bold 
escarpment of limestone, broken up into thin bands. The 
graphite oyerUes a mass of gritty sandstone, which passes into a 
breccia^ and, by ahnost imperceptible gradations, into an arenaceous 
chlorite slate, interstratified with thin beds of quartzite, together 
about 400 feet high, and all dipping to the E. by kn.e. Near the 
base of this section the beds have been contorted in a most 
remarkable manner, yet their stratification has not been obliterated. 
They are seen to dip on either side into a deep synclinal trough, 
of about 100 feet deep. In the centre, and near the base, the 
rocks are all more or less shattered into splintered fragments : a 
result produced by a local disturbing agent, which I, with limited 
time, was unable to discover. It must, however, be very local, as 
the rocks in close proximity all more or less dip to the &E., 
corresponding with the general dip of the stratified rocks in the 
neighbourhood. 

Proceeding to the north, along the crest of the promontory, we 
pass in succession over the upturned edges of beds of quartzite, 
shale, limestone, and chlorite schist, until we reach Slochd-mhaol- 
Doraidh, on the west side of the point, where there is a mass of 
sandstone of a brownish colour, and in which we found patches of 
green carburet of copper, graduating into, and terminating on the 
shore in a coarse breccio-conglomerate. The sandstone is pierced 
and much altered by an extensive dyke of diorite, trending e. 
and by W. At the point of contact on the shore, the ceaseless 
roll of the Atlantic has abraded the under portion of the cliff, and 
has formed caves of considerable dimensions, where the chough 
and other rare birds resort during the breeding season. 

* In outline these forma resemble some of the spedes of GraptoHtes. 
t In English Ore brook. 
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On ihe east side of the peninsula^ in Port Ellen bay, the 
sandstone ia again seen graduating into breccio-conglomerate, 
which consists of pebbles of quartz, varying from the size of a pea 
to three inches in diameter. It is there seen to be cut off by a 
syenitic diorite dyke, exposing, on the west side, the breccia, and 
on the east, a talcose schist of a dull red colour, with occasional 
patches of that silvery, metallic lustre so characteristic of this 
rock. 

The schistose rocks trend eastward for about ten miles, and are 
seen all along the hill-sides, exposing in many places sections of 
contortions similar to those often met with in the lower Silurian 
rocks of the Highlands of Scotland. They contain, here and 
there, lenticular masses of white quartz, and steadily dip to the 
8.E. They are pierced by numerous igneous rocks, belonging 
to different periods of time, some being of a dull green colour, 
interspersed with large crystals of olivine and long crjrstals of 
hornblende. They seem to have been ejected through the strata 
at an early period, probably about the time the upper members of 
the Silurians were deposited, whilst the compact basalts and 
diorites have been thrown up at a much later date.* Their trend 
is from N.w. to S.E., and in many places they pierce the 
stratified rocks at right angles, and not unfrequently some of 
them cut through the older igneous rocks. Prominent amongst 
the later ones are those in the neighbourhood of Enockhill, to the 
north of Kildalton House. They have been ejected through the 
schistose rocks, and have shattered them into splintered 
fragments. Enockhill is composed of a syenite, with large crystals 
of hornblende; it is difficult to break, and takes a beautiful 
polish. 

Bordering this coast of Islay is seen a succession of terraces, 
with, here and there, abrupt, rugged ridges, composed of the 
harder rocks which have resisted the abrading influence of the 
sea, giving this part of the island a wild and rugged aspect But 
where the natural wooding has sprung up, as in the locality just 
mentioned, it gives the otherwise bleak moorland flat, with its 
rugged knolls, a picturesque beauty. All along the south-east 
portion of the island there is evidence of the erosive action of the 
sea at different elevations. Indeed, ridges and terraces may be 
traced, rising tier after tier, up to near the southern extremity of 
Beinn Urara. The schist rocks extend inland for three and a half 
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miles, when they are seen to overlie a qnartadte of a dull brown 
oolonr, intermixed with a pink variety. This qoartdte may be 
traced passing through the mountain range to the north-east^ and 
terminating in the Sound of IsLiy. Three miles to the north of 
Kildalton House, the junction is marked by a breccia^ consistuig 
of fragments of quartzite nearly pure white, with pink lines 
passing through it, intermixed and cemented together by a brown 
sflicious matrix. It is seen trending & and by w., and passing 
to the Sound of Islay, terminating near Sgorr nam Faoileann.* 

A little way further inland we pass over an extensive ridge of 
quartzite, trending E. and by w., firom Sgorr nam Faoileann in 
the east, where it assumes a series of bold, and more or less conical, 
mountains, the most conspicuous of which is Beinn Bhiogair,t 1600 
feet above sea-level, with Beinn Mhain X to the west, and Beinn 
UraTa§ to the south, 1400 feet high. It descends, in undukting 
slopes, to the south-west, terminating near Port Ellen, where the 
overlying quartzite graduates into the coarse breccio-conglomerate 
formerly referred to. 

In passing northwards, on the west side of the island, we find 
the rocks more or less concealed by gravel and drifted sand for 
about eight miles, || untO we cross the Laggan Water, where they 
again appear, in the form of a ridge of dull grey quartzite, 
trending 8.W. by N.E., broken up into thin bands, and 
graduating into a. dull bluish-grey impure limestone, succeeded by 
a grey slaty shale, with numerous imbedded crystals of iron 
' pyrites, which crumble into fragments on exposure to the air, and 
all overlying a mass of quartzose chlorite schist, on the shores of 
Lochin dUa. These all dip steadily to the S.E., till near the 
village of Bowmore, where it is difficult to determine the dip 
and strike, in consequence of an extensive boss of dolerite, which 
has dislocated and shattered the stratified rocks into splintered 
fragments. To the east and west, however, of the igneous rodks, the 

* MeaniBg Soanr of the SeagQlL 

t Meaning HiU of the vicar. 

t Meaning HiU of the waste land. 

§ Meaning Easily ascended hill ; shelving out farther in the range. 

II As the trend of these rocks is from north-east to south-west, they are 
exposed on the north-east in water-worn cliffs along the shore of the sound 
of Islay. I shall therefore notice them in detail, when I come to describe 
the stratified rooks on the east side of the island. 
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quartzites are seen steadily dipping 
to the aE. To the west of Bow- Lower 
more there is a band of arenaceous s"^"> •••• 
talcose scliist, in which are found contorted 
embedded fragments and boulders ?S?!J^ 

Scnist 



of quartzite, similar to those found 
on the east side and in the centre 
of the island, and which we shall 
note, in detail, by-and-by. These 
pass, by imperceptible gradations, 
into a chocolate-coloured shale, with 
interstratified chlorite schist of a 
corresponding colour, for a distance 
of about two miles, till at Gart breac,* 
where the stratified rocks are again Quartzite 
much altered by intrusive igneous 
rocks, which here emerge from the 
sea. In trending westwards, the 
quartzites are more or less inter- 
mixed with those of a dull blmsh- 
grey colour, varied with a pinkish 
variety, which at some places ap- 
proxmiates to a felsite, until we oongiomentte 

reach Laggan point, where they are Qu»ruite 

lost to view in the sea. It is note- 
worthy that these rocks are all more 
or less uniform, both in colour and 

composition, with those on the op- ^"''^^ 

posite side of the loch, suggesting a 
continuity of the same stratified congiomentte, 
rocks below the sea. This idea is 
rendered very probable by the fact 
that on each shore they are all more ouartxite. 
or less affected by similar igneous ^S^q^SS;^ 
rocks. Indeed, on each side, the conglomerate 

... 1 t • X • Limestone... 

quartzites and schists are occasion- shaie.. 
ally shattered into splintered frag- 
ments, and dip to all angles of the 
compass, varying from 15** to 70^ Quartdte. 

* Meaning Spotted farm. 
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Let OS now take a cnrsoiy glance at the stratified rocks found 
in the centre of the vallej, beginning in the north, and passing to 
Beinn Mhain, on the north-west extremity of that range of 
qnartzite hills formerly referred to; and from the shore of Lochin 
dhlskf on the west, from which the land rises with a gradual 
ascent, reaching an altitude of aboat 600 feet, and terminating 
in the Sound of Islay, in precipitous water-worn cliffs. 

On the north side of the island there is a series of undulating 
hills, consisting of quartzites, and forming a continuous range all 
along the M.w. seaboard, from the n.e. point at Eudha a* Mhiil to 
Loch Ghruinnard, in the west, while the landward portion of the 
series terminates at Black Keck and Camain. Indeed, the ranges 
of quartzite and stratified rocks trend from the shore in the east 
to the opposite shore on the west. 

In the farm of Scarrabus the quartzite range is flanked and 
overlaid by a broad belt of sandstone, containing minute crystals 
of iron pyrites, which in turn is overlaid by an impure limestone, 
made up of numerous thin bands, and these pass with impercep- 
tible gradations into the overlying calcareous shale which, on 
exposure to the weather, splits up into thin flakes, and all dipping 
E.E. S.E. ang. 44^ These calcareous shales become more arenaceous, 
and finally pass into a fine-grained quartzose sandstone, which is 
overlaid by a broad belt of bluish grey quartzite, which trends 
to the S.W. and terminates on the shore of Lochin dk\& at Garnain. 
This again is overlaid by a belt of soft chlorite schist, of a dull 
grey ochrey colour, which, when exposed to the weather, splits up 
into thin scaly fragments, the dip being e.e. s.e. ang. 6P. Above 
it lies a bed of limestone, which in turn is succeeded by a series 
of thin beds of arenaceous chlorite schist of a dull ochrey colour, 
capped with a dark blue quartzite, which forms a conspicuous 
ridge, and is seen trending to the west, and terminates at the 
north comer of Lochin d^, near Islay House. 

In the farm of Octpvulin this quartzite passes into a dull grey 
sandstone, which is overlaid by an extensive bed of a greyish 
purple arenaceous talcose schist, containing numerous minute 
crystals of iron pyrites. Interspersed throughout this schist are 
rounded and angular fragments and boulders of granite, gneiss, 
and white quartzite, which may be termed a breccio-conglomerate, 
which when exposed to the weather, becomes of a reddish brown 
colour, with ferruginous stains along the joints and planes of 
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stratification; its dip is E.S.E., ang. 3^^ This is overlaid in the 
farm of Skerrols by a broad belt of limestone, made up of thin 
bands, intersected with numerous ramifying veins of calc spar, 
and interstratified with partings of arenaceous shale; its dip is 
S.E. ang. 34°, and its trend n.e. to S.W. from near the Sound of 
Islay in the north, and terminating south of Bridgend Hotel,* 
on the shore of Lochin d^la. This limestone is overlaid by chlorite 
schist, and is only seen at intervals, as it is concealed by moss 
and surface vegetation. It is, however, well exposed in the banks 
of the river Som, in the wood below Dail*s farm house. To the 
south, which is covered by an extensive band of limestone with 
occasional partings of arenaceous shale, and seen trending to the 
S.W. and exposed in a cutting on the road from Bridgend to 
Port Ellen. In ascending the rising ground to the south, the 
limestone is more or less exposed till it reaches the farm of 
Nerby, where it is interstratified with bands of chlorite schist, of 
a chocolate colour, its dip being E.S.E. and angle 75^ It is capped 
by a ridge of quartzite trending E.N.E. to W.S.W., of which the 
dip is S.S.E. and the angle 68^ To the S.E. the quartzite is 
succeeded by a bed of clay slate, containing large crystals of iron 
pyrites. This quartzite, limestone, and chlorite schist, form a 
prominent ridge, and cross the Port Ellen Eoad to the W.S.W. (as 
formerly referred to), and terminate in the shore at Laggan farm. 
In descending the valley to the S.E. of Nerby farm, a band of 
impure limestone is seen overling the clay slate, with an abrupt 
termination, caused by the erosive action of the sea when the 
valley and strath were all under water. The well-marked terraces 
of sand and gravel on either side give ample testimony that they 
were deposited in a post-pliocene age, while here and there the 
harder rocks are left as prominent knolls, the interstices being 
filled with peat-moss and brown heath. On the crest of one of 
the most prominent of these ridges are to be seen the remains of 
a Danish fort of considerable dimensions. It is of an elipsoid 
form, showing a series of earthen outwalls/ with an inner quad- 
rangle 84 feet long. 

In passing to the S.E. the stratified rocks are concealed by 
boulder drift. The clay is of a light bluish-grfey, containing 
angular, subangular, and rounded boulders of limestone, quartzite 

* This is perhaps one of the most charming spots in the West Highlands; 
and there is a very comfortable hotel. 
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of yarious coloors, dull green dolerite, with large dystals of pale 
green olivine and hypersthenic syenite. About Jialf a mile to the 
S.E. a limestone is again seen interstratified with clay slate, 
chlorite schist, and quartzite, antil we come to the Shean river, 
along the banks of which are exposed rocks of a similar character 
until near the top of the glen, where there is an extensive mass 
of saccharine limestone, which in some places is nearly white, 
passing into a pinkish grey variety. This is broken up in the 
upper part of the exposed section, with thin bands interstratified 
with arenaceous shale, in which, though searched with care, I 
have not yet found organic remains, but I do not yet despair of 
doing so. Along the line of junction, the quartzite is seen to 
overlie the saccharine marble and calcareous shalea Several of 
the mountain streams have eroded deep underground channels 
into the calcareous rocks, and are lost to view for a conBiderable 
distance, again re-appearing in the banks of the river Shean. 
One of the caverns made in this way is of considerable size. This 
limestone is seen crossing the valley and ascending the steep 
slopes of Beinn Mhain, and may be traced for miles trending to the 
as.w. On the eastern extremity it is much altered and shattered 
by a broad dyke of dolerite of a dull green colour, containing 
pale green ciystals. At the point of contact the igneous rock is 
not only lighter in colour, but is also finer in crystallization, and 
trends from N. to s. It can be traced for a considerable distance 
to the north, and to the south it is seen descending and crossing 
the upper reaches of the river Shean, being there lost to view in 
the talus and remains of ice-drift, until at an altitude of 1340 feet, 
where it is 16 feet broad, and where it has been ejected through 
a brecciated quartzite, which at the point of contact is shattered 
into splintered fragments, with the igneous rock filling up the 
interstices, and mixing with the breccia. The junction is seen for 
about 100 feet higher, where it is again lost, re-appearing at the 
height of 1560 feet, and to the summit of Beinn Bhiogair, is then 
exposed 1600 feet, where there is evidence that here was a centre 
or vent of volcanic force, as the rocks around are all shattered 
into splintered fragments. 

At the upper extremity, and a short distance to the north-east 
of the glen, there is a deep basin, in the middle of which lies a small 
loch called Loch Allaly, with a little island in the centre. This 
loch is bounded on the west by the igneous rocks just referred to, 



Digitized by 



Google 



THOMSON— ON THE GEOLOGY OF ISLAND OF ISLAT. 209 

and on the east and south-eafit by gritty quartzites, which rise in 
terrace after terrace like cyclopean walls. On the east lies Sgorr nam 
Faoileann,* which is fully 1400 feet high. Then passing to the 
south we find a ridge of brecciated quartzite at least 1000 feet 
high, and formerly the water-shed between Glen Choridalef on 
the east, where the descent is steep and ragged, and Glen Shean 
on the west, while to the south it joins the steep and rugged side 
of Beinn Bhiogair, which, as previously stated, is shattered into 
splintered fragments by the action of the igneous rocks. On the 
south-west face the quartzite and breccia are of a dull red or 
pinkish tint. They continue down into Glen Shean, and emerge 
on the north face of Beinn Mhain, the dip of the quartzite^where 
not affected by igneous action — being steadily to S.E. Indeed, if 
the observer passes from the lofty summit of Beinn Bhiogair, and 
across the ridge to Sgorr nam FaoUeann to the north, the quartzites 
can be traced passing through the body of the hill to the S.E., and 
terminating on the opposite or the rugged and precipitous face of 
Glen Choridale, while to the north on Beinn Mhain, and to the south 
all along the range to Beinn Urara, and Beinn na Cailliche t on the 
south-east, the quartzites are seen still dipping to the S.E. 

The long axes of the ranges form conspicuous ridges throughout 
the island, the general trend being from N.E. to S.W., while the 
depressions are all more or less filled up with schist^ slates, and 
limestones. In Glen Shean, on the west, these stratified rocks 
are here and there seen, and dipping to the S.E. On the farm of 
Kinnagary, on the side of Beinn Mhain, the junction of the over- 
l3ring quartzite, and the calcareous deposits can be traced by the 
marked change in the vegetation. All along the strath the lime- 
stone rocks may be traced by the soft green surface-growth, while 
above the quartzites the shaggy heath and stunted scanty grasses 
show how poorly the soil, resulting from their decomposition, 
supplies the elements favourable to plant life. 

The stratified rocks which we have thus briefly reviewed, and 
which are seen to overlie the great body of quartzites on the 
north-west side of the island, and occupying a space of about six 
miles, all steadily dip to the S.E., at angles varying from 28** to 75^ 
If, however, we take the average of the angles of dip, we have 
33"*, almost equal to one-third of 100"*, and in the same way divide 

* Meaning Glen of the caldron pooL 
t MeAQing Hill of the old woman. 
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the six miles of extent by 3, we have two miles, so that if these six 
miles of deposits, dipping at an angle of 33% be placed at right 
angles to the plane of stratification, they will represent two miles, 
or 10,560 feet of sedimentary rocks, which fill up the central 
valley, reposing on the quartzites in the north-west, and overlaid 
by the great body of quartzites in the centre of the island 

I now propose to notice shortly the stratified deposits from 
Baile lochd-arach * in the south, to Bun na h-abhann in the north, 
where they are all exposed in an ascending series on the sea-^difiOs, 
dipping N.N.w. At Port Askaig a ridge of dull blue quartzite is 
seen in a bold precipitous face, 70 feet in height. It is made up 
of more than a hundred thin bands, varying from two inches to 
two feet in thickness, and trending w. by E., the dip being N.W., and 
the angle 12^ Underlying this, the shore is fringed for 3| miles 
by a series of sedimentary rocks, consisting of a dull bluish-grey 
arenaceous talcose schist, exhibiting faint lines of stratification, 
whilst in other parts of the section it resembles the unstratified 
deposits of more recent times. 

On the north side of Little Free-Port Bay, blocks were recently 
being quarried to build a new pier at Port Askaig, which exposed 
a section about 100 feet deep, and showing numerous imbedded 
fragments and boulders of transported rocks. At its base there 
is a dull bluish-grey arenaceous schist, shading, as it passes up- 
wards, into a light brownish grey. In the earlier stages of the 
deposits the matrix had been soft and plastic, into which the 
transported fragments and boulders had been dropped, with 
subsequently a great influx of arenaceous matter. It thus passed 
with almost imperceptible gradations from a stiff blue talcose 
mass in the inferior, to a gritty sandstone in the superior deposits. 
There is, therefore, evidence of great physical changes throughout 
The contained pebbles and boulders are frequently well water- 
worn, others subangular, whilst others again are angular. They 
chiefly consist of granite, quartzite, and rarely gneiss. Some of 
the granites much resemble a variety met with in the range 
of mountains to the south of Ben Nevis. It is of a dull red 
colour, the greater portion of its mineral constituents consisting of 
a reddish felspar. In this section the heaviest blocks and finest 
particles are commingled, and form a confused mass, in which I 
have detected not less than thirty-seven varieties of granite, and a 

* Meaning Nether fann, or Netherton. 
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few examples of gneiss. Over and around the boulders the schist 
is deposited evenly, while inferior layers are squeezed downwards, 
crushing and destroying the planes of stratification. It is note- 
worthy that I have not found a single specimen of trap rock in 
this section. The granite fragments largely predominate, and 
vary in size from the smallest pieces possible to boulders as large 
as 4 feet 10 inches in diameter. I estimate the proportion of 
quartzite approximately to that of granite as 1 to 15. After a 
careful examination of the shore, and of the blocks embedded in 
the matrix, I am satisfied that these erratics could not be traced 
as belonging to any part of the island. Similar rocks do not 
occur in situ nearer than forty miles to the north, in the island 
of Mull, with a deep sea intervening, while some of the varieties 
only exist at a considerably greater distance. The entire absence 
of stratification in one part of the section, which in another shows 
signs of regular deposition, and the occurrence of far transported 
rocks of the character already stated, indicate that the mass had 
been transported and dropped from melting ice in a shallow, 
tranquil sea, the bottom consisting of mud and sand. The 
absence of stratification in one part of the section may be 
accounted for by the disturbing action of icebergs which moved to 
and fro, grounding as they went before they were finally stranded. 
I was, however, anxious to find further proofs of ice action, such 
as well-marked striations on rock surfaces would afford, but such 
evidence was of course obscured by subsequent depositions, and 
only on those parts of the ancient rock-surfaces which had escaped 
destruction by denudation could such striations be found On 
the north side of Little Free-Port Bay the quanying operations 
already spoken of had laid bare a piece of transported quartzite 
rock, the surface of which was ground, smoothed, and striated, and 
as perfectly preserved as in rocks of more recent time& 

The deepest section of the conglomerate exposed from the shore 
line to the crest of the water-worn cliffs is 130 feet, and is capped 
by quartzite bands graduating into a gritty sandstone, which 
passes into a brecciated conglomerate,* evidently an old shore 
line of sand, and containing transported fragments and boulders 
of granite, and traceable inland to an altitude of 180 feet, where 

* It has been Buggested that marine plants might have been the agent of 
transport, but in regard to blocks of a size here found, such a theory is not 
admissible. 
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its upturned edges are exposed, curving round the hillside in a 
semi-circular form, and dipping to the N.w., the ang. being 48% 
and again bending down to the shore line at Port Askaig Hotel, 
where I first discovered the remarkable erratics above described. 
It then trends to the s. at Baile lochd-arach, a distance of about 
two miles, and is there cut off by a diorite dyke. In rounding 
the point into Big Free-Port Bay, the gritty sandstone is seen to 
be overlaid by an extensive bed of quartzite, broken up into thin 
bands, which are found ascending the hillside and folding round 
the underlying deposits, and also passing to the south, and bend- 
ing down to the shore at Rugha an t-Salainn, where the planes of 
stratification are much affected by a syenitic greenstone dyke 
trending w.N.w. by E.S.E. Indeed, the stratified rocks seem to 
have been deposited over and around the dark bluish-grey 
quartzite at Port Askaig, which seems to be the only fragment 
left of the old shore line, and is probably of pre-Cambrian age. 
They aU dip N.w., while to the south, along the shore, the 
quartzites and stratified rocks dip steadily to the S.S.E. The 
frequent occurrence of igneous rocks in the neighbourhood of 
Rugha an t-Salainn, and the marked alteration in the dip of the 
stratified rocks there — ^the stratified deposits dipping to the N.w. 
on the north side of the line of fault to near Keills, while on the 
south side they dip to the S.S.E. This indicates that here we 
may trace and account for the throwing up of the underlying 
drifted matter to the surface, while on the north-west side of the 
island, at Skerrol's farm, similar drifted materials are found to 
underlie all the calcareous and stratified rocks of the centre of 
Islay. This, however, will be better understood when we pass 
in detail the stratified rocks to the north of Port Askaig. 

In passing to the north of Big Free-Port Bay, the quartzite is 
overlaid by a band of talcose schist^ which in turn is overlaid by 
a succession of thin-bedded greenish-grey micaceous sandstone 
flags, interstratified with dull chocolate-coloured argillaceous 
partings. The surfaces of these flags are not unfrequently covered 
with sun-cracks, with upturned edges of various forms and sizes, 
the result of shrinkage from sun heat, and which are subsequently 
filled up with, and silted over by, the influx of sedimentary 
matter. They also contain ripple marks, in the depressions of 
which are numerous little pits, with upstanding edges, varying in 
size from half a line to two lines in diameter. These possibly are 
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the impressions of rain-drops found in the soft partings during 
deposition. This section is fully 100 feet deep^ and is overlaid by 
a series of pinkish-coloured quartzite bands, which again are 
covered by sandstone, calcareous shales, and impure limestones on 
the farm of Aird na hughadh. 

This depth of calcareous accumulations is followed by almost 
purely arenaceous deposits, which mingling with the later sedi- 
ments of the preceding formations, produce near the junction of 
the two, a calcareous sandstone. It is overlaid by quartzite, 
which is cut off by a diorite dyke. On the north side of the dyke 
there is a mass of arenaceous schist about 200 yards broad, con- 
taining fragments and boulders of granite. At first sight I thought 
these deposits might be a continuation of those beds Airther to the 
south, which had been brought up by the diorite dyke just 
referred to, but after a careful examination of the surrounding 
strata^ when I found the matrix of the latter to be of a more gritty 
character, I am inclined to place them higher, which would 
indicate a repetition of similar conditions at great intervals of 
time. Indeed, the phenomena occurring at several points along 
the coast line, however local they may be in their extent, point to 
physical changes similar to those of more recent times. 

These deposits are succeeded and overlaid by a broad band of 
quartzite, which dips 25* to the N.W., and are followed by 
calcareous shale and impure limestone, with interstratified bands 
of quartzite. This is overlaid by beds of gritty sandstone, of a 
dull brown colour, interstratified with calcareous partings, to 
which succeeds a dull grey quartzite, which in turn is capped by 
a broad belt of dark slaty shale, interstratified with thin quartzite 
bands, which vary from one inch to several feet in thickness, and 
interlaminated with dark grey shale, containing imbedded crystals 
of iron pyrites. These, when exposed to the weather, become 
yellowish-brown, rotten rock, splitting into thin layers; their dip 
is to the N.W., 72^. This high angle is produced by a diorite 
dyke. These sedimentary rocks pass inland, bending with a 
gentle curve to the south, and are found on the crown of Eoiock 
Aird na hughadh, formerly referred to. They trend to the S.W., 
and are seen at Shanes Hill, and westward to Skerrols. At the 
Maol of Aird na h-abhann they are again seen to be overlaid by 
quartzite of a dull brown colour, its dip being to the N.W., at an 
angle of 68**, which at 200 yards from the point of the Maol, 
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graduates down io an angle of 25^ N.w., and there plunges below 
sea level in the Bay of Bun na h-abbann.* It re-appears on the 
opposite shore at Beachie Point, where it rises with a reverse 
inclination, the dip being S.S.K, ang. 47°, and passes to the north 
in a series of bold conical mountains. The centre of this bay is 
a synclinal trough, where the quartzite is a white vitreous mass, 
crushed and shattered into splintered fragments, it being almost 
impossible to detect the planes of stratification. At first sight I 
thought the quartzite on the north shore of the bay was uncon- 
formable to that on the south, but after a careful examination, I 
am disposed to think tliat it was one continuous super-imposed 
mass, and that the centre of the bay is the line of a great downcast 
fault, trending S.w. by n.e. 

As before noticed, to the south of the conglomerate section the 
quartzites (as in the north) rise into a series of bold conical 
mountains, and is seen forming the steep slopes of Beinn Dhubhf 
in thin bands, which are seen folding and clasping round the dull 
red breccia which forms the nucleus of this part of the range. 
The valley of Eugha an t-Salainn is a line of fault ; on the north 
side the dip of the quartzite is N.W., while on the opposite side of 
the valley it is to the S.E. The quartzite here overlies the 
eastern extremity of the saccharine limestone, which terminates a 
few feet from the Sound of Islay, and trends to the s.w., in Glen 
Allaly. A few hundred yards inland the saccharine limestone 
overlies other calcareous deposits, and the soft interstratified 
shales have been eroded away, leaving the hard upturned edges 
of the quartzite and limestone as prominent ridges facing north- 
wards, and which, although covered by vegetation, can be traced 
along the hillside, rising terrace after terrace, like the more recent 
raised beaches. 

In observing the outcrop of these rocks along the shore 
line from Baile lochd-arach on the south, to the Maol of 
Bun na h-abhann on the north, it will be seen that though they 
present considerable changes in the lithological characters, their 
general succession is very similar to those of the transverse section 
on the north side of the centre of the island. The dip and 
strike of these beds differs so widely from those of the south and 
central portion of the island, that the idea is suggested of some 

* Meaning Outlet of the water, 
t Meaning Black Hill. 
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I 
great physical agency, which had g 

been the means of producing such g 

divergent results. All along the | 

eastern shore line, and for a short 
distance inland, the general dip of uurenOwL... 
the beds is to the N.w., while in the 
south and in the northern part of the 

island the dip is to the S.E. The | 

only probable cause that I can assign | 

for these deposits dipping at right ^ 

angles to each other, is the frequency 
of the diorite dykes. In the neigh- 
bourhood of Baile lochd-arach, where ^ 
the line of fault is so well seen, the | 
trend of the dykes is from S.S.E. to | ^ 
N.N.W., and they aU more or less | £^ 
converge inland to the centre of the || 
valley, lying to the north of Baile P" 
Ghrannta, where there is evidence of chocoute 
some great local disturbance by Q«*rtzite.. 
volcanic agencies, and which seems g 
to have been the centre or volcanic BigJ^ 1 1 
vent from whence the igneous masses | 
have been erupted through the ^^^"^•^^l^ ^ 
stratified rocks, and which tad J^»»"^ | 
upraised the underlying conglomer- shaie ....'.*.*.' | 
ates and super-imposed stratified ^-*«»«*«*«-- 
deposits. This is confirmed by the suieyshaie! 
fact that along the line of fault is Ltai«tone... 
a line of depression which extends si»t^»i»ie. 
inland tothe north of Baile Ghrannta, i>pke..°® '.■.'. | 
and then trending to the N.E., shS?.°®*'.! o 
terminates at Bun na h-abhann Bay, Limertoae. . . | 
thus inclosing in a somewhat tri- U^J^-^-- I 
angular form the upraised lower q^^^^^- 
deposits, which are now exposed s^e. 



along the shore Ime. Subsequently gj^^^ g^^^ | 

the overlying stratified rocks have ctonffiomemtc ^ 

been denuded away by ice-action and 

by that of the sea. Conglamer.U 
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In order that the relation of these deposits may be clearly 
understood, let us take a cursory glance at the stratified rocks 
from the east to the west side of the island In following the 
track of the high road from Port Askaig on the east to Port na 
h-aibhne on the west, we pass over the upturned edges of the 
stratified rocks, most of which have been already mentioned in 
crossing the centre of the island, in a somewhat diagonal manner. 
Going westwards from Port Askaig for about a quarter of a mile, 
we pass over the upturned edges of chlorite schist, quartzite, 
brecciated conglomerate, micaceous flags with felspathic partings, 
and a body of quartzite which forms the crown of the ridge. In 
descending from this to a small valley, we find the stratified rocks 
concealed by the super-incumbent vegetation. We believe them, 
however, to be a continuation of the calcareous shales seen on the 
shore line beyond Big Free-Port Bay. Overlying this there is a 
broad belt of limestone of a dull blue colour. This limestone, 
when exposed to the weather, shows a granular or oolitic 
appearance, which I thought might be due to minute organic 
forms. I had some of the most promising specimens sliced for 
the microscope, and on examination, found the granular form to 
consist of small spherical aggregations of iron pyrites through the 
matrix. This limestone is broken up into thin bands, with inter- 
stratified thin beds of gritty shale, and then passes into light buff- 
coloured saccharine limestone, which in turn is overlaid by quartzite 
of a similar colour. These all dip to the N.w., and pass into a 
pinkish colour at Keills. Further to the west we pass over thin 
bands of quartzite, interstratified with dark shale. These quartz- 
ites vary from an inch to several feet in thickness, and trend 
N.E. to S.W., the dip being s.E. At about a mile to the east 
they are again seen in the crest of Knock Aird na hughadh, at an 
elevation of 480 feet, their upturned edges being there exposed, 
with a dip to N.N.W., the angle being 72*. These rocks within a 
limited area dip at a right angle, which has been produced by a 
diorite dyke, formerly referred to as passing along the line of 
fault north-west from Baile lochd-arach. A short distance to the 
east, we pass over the most extensive body of limestone in the 
island, and which has long been mined for galena. It is inter- 
stratified with dark shale partings, and is overlaid by a dark slatey 
shale, which is more or less seen till we reach Baile Ghrannta, where 
there is a broad dyke of diorite erupted through a bluish lime- 
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stone, which is made up of thin bands with partings of micaceous 
shale. The dislocation produced by the intrusive dyke is of 
limited extent. On its west side the limestone is thrown up at 
right angles to the plane of stratification, whilst on the east side 
the beds dip at an opposite angle — dip E.S.E. To the west for 
about half a mile, the upturned edges of the hard stratified rocks 
are occasionally seen in rugged knolls, while the intermediate 
spaces are filled up with boulder drift, and super-imposed vegeta- 
tion, till we reach Shanes Hill, the western slopes of which 
consist of quartzite. On the east side there is a succession of 
dark slaty shales, interstratified with impure limestone. These 
stratified rocks are much afiected by an intrusive diorite dyke; the 
alteration caused by which, however, is local, the general dip being 
&E. For a distance of nearly three miles, the stratified rocks are 
much concealed by ice drift. The majority of the boulders are 
traceable as having come from the west, and are all more or less 
scratched and polished, the usual accompaniments of ice action. 

To the west, and in the neighbourhood of Islay House, there is 
an extensive belt of quartzite of a dull bluish colour, which, as 
before stated, trends to the west, and is seen on the shore of 
Lochin dUa, near Bridgend Hotel. Along the shore to the west 
the arenaceous talcose schist, with imbedded fragments and 
boulders of granite, are seen in the wood, are lost under the sea, 
and re-appear to the west of Bowmore village, on the opposite 
side of the Loch. They are overlaid by a dull bluish quartzite, 
which at Camain is seen to pass inland and form a ridge, some 
of its hills being of considerable height. To the west the under- 
lying stratified rocks are concealed by gravel and drift sand for a 
distance of two miles. The pebbles exhibit aU the varieties of 
quartzite, from a bluish-grey to an almost pure white. Going 
inland towards the north, and along the low flat-lying strath of 
Ghruinnard, where lie the upper reaches of Loch Ghruinnard, 
the subsoil of the strath is made up of recent shells for a depth 
of from four to five feet. On the north-west side of the strath 
the rocks exposed consist of quartzites and chlorite schists, all 
more or less of a chocolate colour, till at Sanaig hills, on the 
shore, they end in bold water cliffs, thS highest of which is some- 
where about 600 feet. The stratified rocks are here seen to pass 
into a bluish-grey chlorite slate. These slates are often crushed 
and broken into every conceivable angle by intrusive igneous 
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rocks, consisting of compact basaltic diorites. One of these 
dykes is 12 feet broad, and the columns are lying horizontally. 
All along the shore line, and at the junction of the igneous rocks, 
the stratified rocks are eroded away into deep gullies, one of which 
is called Oairtean Ghille Mhoire; it is about 400 feet long, and at 
the deepest part about 600 feet in depth, that is from the crest of 
the hill to the shore line, and twenty feet broad At the upper 
portion of the gorge the rocks consist of a dark blue brecciated 
shale, while seawards they are arenaceous chlorite schist^ inter- 
stratified with blue gritty quartzite. These all dip to the S.S.E., 
and present on the shore line a series of rugged clifis. In 
passing inland and to the s.w. the rocks dip to S.E., till we reach 
Balinaby,* where, however, the angle of inclination is seen to 
alter near the parish church of Rilhoman, being the dip to the 
N.W., and the quartzites, schists, and slates are seen to overlie and 
fold round the gneissic rocks, of which the western extremity of the 
island is made up. On the east sideof theridgeBruthac a' chladaich,t 
the talcose schist and quartzites are more or less of a light chocolate 
colour, and are seen dipping to the S.E. They are here cut off by 
a felspathic dyke of a dull red colour, trending N. and s., which a 
few yards inland is covered with sand and gravel A little to the 
south-west there is a compact diorite dyke, erupted through the 
stratified slates and gneissic schists, and it has crushed and 
destroyed the planes of stratification, the dip being to every point 
of the compasa At this point a complete change both in mineral 
character and physical conditions takes place. There is a band of 
felsite of a pinkish colour, with lenticular masses of white quartz 
imbedded, and crushed into splintered fragments, the result of the 
neighbouring intrusive igneous rocks. The gneiss is here overlaid 
by a band of clay slate, which may be traced passing through the 
promontory to Cille Chiaran on the west shore, where it has been 
quarried for roofing purposes. It is seen clasping and folding 
round the gneiss, and in turn is overlaid by an extensive mass of 
quartzite to the north, which dips N. 82"*. 

Inland, about 200 yards from the slate quarry, the gneiss is 
pierced by a hypersthenic syenite dyke, trending w. by E., 
being tilted up nearly af right angles to the plane of 
stratification a short distance to the south. For about two 

* MeaDing Abbotts farm, 
t Meaning Hill on the Shore. 
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miles, the gneiss dips S.S.W., till on the south-west of Cladvil 
hill it is seen dipping W.S.W. In descending to the plain we 
pass over a broad belt of highly metamorphosed gneissic 
chlorite schist, which graduates into a granitic gneiss, varying 
in colour from a dull green to a pinkish variety. 

From Bruthac a' chladaich along the shore line to Port Charlotte 
and to the western end of the peninsula, where a few hundred 
yards out there lie two small islands, upon one of which, the 
island of Oersa, Port na h-aibhne lighthouse is built, the rocks 
here and for nine miles inland, are essentially different from those 
found throughout the island. They consist of highly metamor- 
phosed stratified rocks, such as greenish-grey gneiss, pinkish-grey 
gneiss, with crystals of hornblende, quartzite, chlorite schist, bluish 
grey dolomite, which slightly effervesces when acted upon by 
dilute acid, serpentine, of a deep green colour interspersed with 
yellow crystals of various shades, and hypersthene interstratified, 
and dipping S.S.W. at an angle of 68**. These are pierced at 
frequent intervals by diorite dykes of considerable dimensions, for 
nine miles, and these pass inland at right angles to the plane of 
stratification. Although geographically associated with these 
rocks, they belong to a later geological period. 

On the little island Oersa, we pass over the upturned edges of 
similar rocks. The gneiss^has the same greenish-grey tinge, and 
is traversed by veins of a bright pink granitic variety, which 
graduates into a granular pinkish-grey. Along the precipitous 
face of the bold sea-cliffs, deep indentations have been made into 
the softer interstratified schist and junctions of the intrusive 
igneous rocks, by the erosive action of the Atlantic waves. 

The dip and strike of the stratified rocks are much altered by 
the intrusive igneous rocks. The general dip, however, is to the 
S.&W., until we reach Bruthac a' chladaich, near where the stratified 
rocks to the south-east all dip steadily to the S.E. The junction 
of the quartzite and ciJcareous deposits is marked by alternating 
beds or bands of the two rocks, showing at short intervals a 
repetition of previously existing conditions. Though marked in 
the outcrop as very distinct, they are nevertheless found on close 
inspection to present almost imperceptible gradations from one 
to the other. 

Having thus briefly sketched the general characters and relations 
of these deposits, the question remains to be answered. Do they 
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furnish us with sufficient evidence to warrant us in determining 
their agef 

The sequence of the groups may be shortly described as 
follows : — 

1. The sandstones which form the southern extent of the 
island, known as the Mull of Oa, and the schistose rocks which 
skirt the shore from Port Ellen, Kildalton, to Ard-tala bay, and 
for three miles inland, belong to the lower members of the lower 
Silurian period. 

2. The quartzites which underly the schistose rocks, and of 
which the mountains on the east side of the island are built up, 
and which trend southwards with the underlying slates and 
calcareous deposits that fill up the centre of the island, are of 
Upper Cambrian age. 

3. The deposits from Aird na habhann on the north to Baile 
lochd-arach on the south, along the Sound of Islay, the con- 
glomerates, the argillaceous deposits and dark quartzites found 
from Skerrols to the north of Islay House, and to the north-west, 
as far as Sanaig, are Lower Cambrian. 

Although I have not seen the precise equivalents of those 
greenish-grey micaceous flags, with chocolate argillaceous partings, 
on the north side of Big Free-Port Bay, on which we find sun- 
cracks, rain prints, and what are sometimes supposed to be the 
tracks of annelids, they coincide well with similar rocks, defined as 
of Cambrian age by the late Sir R Murchison, and which occur in 
Sutherlandshire, where their relation to an inferior conglomeritic 
mass is so clearly traced. Also with those described by the late Mr 
Salter and Dr Hicks, from the Longmynd beds in Wales. I think 
that it is almost unnecessary to adduce further facts. If similarity 
of physical conditions, and similarity of fossil forms are to guide 
us in determining the relations of formations, then those stratified 
rocks seen along the north-eastern side and centre of the island, 
folding over and surrounding the conglomerate mass, and that 
group near Sanaig should be placed in a similar stratigraphical 
position to those described by the above authors, thus extending 
the range of Cambrian rocks further south in the Highlands of 
Scotland than has been hitherto recorded. 

Professor Bamsay suggests that probably the Cambrian 
argillaceous beds were deposited under fresh-water conditions. 
That they were deposited in an inland lake cannot be doubted, 
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and that these cracks are due to the inflnence of the son is 
abundantly evident. K they had been deposited in an estuary 
of the sea^ the soft mud would not have got time to crack, as 
each inflowing tide would have kept the matrix sufficiently moist 
to prevent it from shrinking and cracking. 

4. The metamorphic rocks on the western extremity of the island, 
and skirting the shore of Lochin-dida for nine miles, and dipping 
8.S.W., are of Laurentian age. The limited time at my disposal did 
not enable me to give in detail a description of this interesting 
group. After the examination I did give them, I felt convinced 
that these crystalline stratified rocks belong to a very di£Eerent 
period of time from those found in the central valley and south- 
eastern side of the island. There can therefore be little doubt 
regarding their proper identification; their lithological aspect and 
mineral characters coincide so well with the fundamental gneiss 
of Sutherlandshire, described by Sir R Murchison, and designated 
by him as of Laurentian age. Indeed, on putting hand specimens 
of these rocks and rocks similar in crystallization, from the Outer 
Hebrides, e.g.y Harris, North Uist, Lewis, and from Sutherland on 
the mainland, into the hands of some of our ablest geologists, 
they all classified them as belonging to the same group. Although 
we have evidence highly suggestive, we are yet unprepared to 
speak with any degree of certainty regarding the source or 
direction of the materials constituting the basic conglomerate 
mass on the east side and north centre of the island. If, how- 
ever, we glance at the topographical aspect of the Highlands 
and islands, and compare the boulders with the granites 
throughout the Highlands, we feel the necessity of tracing them 
to another source. And we hope we do not overstep the bounds 
of prudent speculation in suggesting that these erratics are the 
ro-assorted materials of some great Northern Continent which has 
yielded to the ceaseless gnawing tooth of time, leaving those 
scattered fragments as the wrecki^ of its former greatness; and 
that the materials of which the mass is composed, have been 
transported by the agency of ice. The mineral characters of 
these boulders differ so widely from the granites at present found 
in sUu throughout the Highlands, that a much higher antiquity for 
those found in Islay is suggested, while the finding of the glaciated 
rock at the base of the mass stamps their true character, and 
points to a period of time deeper than we have hitherto suspected; 

P 
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when glaciers and icebergs planed the hardest rocks, and 
transported matter, as they still do, obedient to one great law. 

In conclusion, I may say that, had more time been at my dis- 
posal, I should baye spoken more ezhaustiyely upon some of the 
interesting geological phenomena of the island; yet, although 
imperfectly, I hope enough has been said to interest other 
observers with m#re leisure, and better fitted to do the subject 
the justice which it merits. 

To Mr Eamsay of Eildalton, M.P., and to Mr Finlay 
of Losset, who kindly allowed me free passage over their 
estates, my thanks are due ; as also to Mr James Scott, and to 
Mr Colin Hay, who frequently guided me to many of the points 
referred to. I am also much indebted to Mr Hector McLean, 
teacher, who gave me the proper readings of the Gaelic names 
mentioned in my paper. 



XIV.— Geological Notes on the Cuttings in the Cmr 
OF Glasgow Union Railway between Bellgrove 
AND Springburn. By James Neilson, jun. 

[Batd ISth Hay, 1876.] 

The branch line connecting the College and Sighthill Stations 
of the North British Railway, was made principally to relieve 
the Queen Street terminus — long inadequate for the purpose^ 
from the ever-increasing goods traffic. Although only about 
one imle and a half in length, its cost has been great, as besides 
heavy cuttings, with much building in and tunnelling, the Monk- 
land Canal had to be diverted, and a new bed half a mile in 
length constructed. 

Minerals have been long and extensively worked in the district. 
I remember a deserted coal pit and a sandstone quarry where the 
Camlachie goods station now stands, while another pit was tiU 
lately visible near the Cumbernauld Road, about 100 yards north 
of Duke Street. Craigpark whinstone quarry and Blochaim sand 
quarry are still being worked. Although, owing to the thick 
overlying deposits of clay, the locality has been so barren to the 
geologist as not to have been mentioned in the Transactions 
of the Society except in one instance, and then only to state that 
nothing of interest was to be seen, yet I do not know any place, 
where, within the space of a mile, there can be seen more 



Digitized by 



Google 



J. NEILSON— ON CUTTINGS IN THE UNION RAILWAY. 323 

interesting geological featares, — ^igneous and stratified rocks, 
boulder clay, and other glacial deposits, besides numerous fossil 
remains. Unfortunately a number of the sections have been 
built up, but of those hereafter described, parts at Bumbank, 
Blochaim, and Gamgad Bead are still visible. 

The first section worthy of note is one seen immediately after 

leaving the main line, where the Carboniferous rocks are cut for 

about 100 yards, Whitevale Street being about equidistant from 

either end The section, which dips slightly S.W., is as follows : — 

Sand. 

Boulder Clay. 
A*SazidyShal6.t 
B Black Shale. 
Coal 

The sandy shale and black shale are similar to those often met 
with in the upper coal measures, and contain numerous remains 
of plants, of which the following are most common : — Calamiies 
(both perfect and crushed specimens, the former being found in 
the sandy shale standing upright, while the latter are lying 
horizontidly), Stigmaria, NeuropieriSy Aleihopteris. The coal was 
only exposed for a day or two in the excavation for the founda- 
tion of a bridge; and I did not then see it, but observed it at the 
making of the other railway; it is about two feet thick. The 
position of these beds is without doubt near the top of the 
upper coal measures. 

From this point the railway sweeps in one long curve, under 
Bluevale Street, East Miller Street, and Duke Street, (exactly 
under the site of the old Diygate toll, which has thus been 
improved out of existence); then along the course of the old 
Cumbernauld Bead, which has now been diverted ; and passing 
under this reaches the Alexandra Parade, where Carboniferous 

rocks are again exposed, as follows : — 

FT. m. 

Shale, about . • . . . . . 2 

Soft Sandstone 6 

Coal 2 8 

Fizeclay 8 6 

Micaceons Sandstone, not oat through. 

The dip is about 1 in 6 to the south-east. 

* Prefixed capital letters digtingnwh the fossiliferoitB beds. See the cata- 
logae of fossils at the end of this Paper, 
t LooaUy known as ^'Faikes." 
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It will be observed that as the axis of the coal basin nms here 
nearly east and west, and we have been going at right angles to 
that direction, the natural rise in the strata would bring these 
beds from a much lower position than those at Whitevala The 
'' Virgin" coal was once wrought in this locality, and we may here 
be near its horizon. The sandstone, where seen, is rotted like 
that of Blochaim (to be after mentioned), and Is of a white 
colour. No fossils were found here. 

The next section is at the second bridge from this, close 
to Bombank bleachfield, the dip being about W to the 
south-east. 

Brown day. 

Boulder clay. n. n. 

Black Shale, unf osBilif eroiu ? .... 2 

Black f emginouB ahale, fall of plant remainB, 

in a bad Btate of preservation ... 6 
Sandstone, in beds about 12 inches thick ..60 

D Hard black shale, with Antkraeoiia robusta 1 

Hard sandstone , , 7 

Whitish trap, interbedded 16 

Charred coal, colnmnar 8 

Fireclay, not out through farther than ..60 

A little further on we have — 

FT. nr. 
Impure black sandstone or shale ... 06 

■ Laminated sandstone, fall of charred plant remains 2 
Black Shale, not oat through. 

These strata are still lower than the previous ones, and belong to 
the lower part of the upper coal measures, as is shown by the 
occurrence of the shell, Anthracosia rolmsta, which is only found 
from the horizon of the Drumgray coal downwards. * 

It is very interesting to see the effect produced on the coal by 
the overlying bed of trap. The coal is perfectly charred, and is 
so hard at its junction with the trap as to strike fire ; it is also 
changed from a stratified to a columnar condition, and specimens 
may be obtained here rivalling basaltic forms in regularity. 
This trap has probably come from the neighbouring boss of 
Craigpark, on part of which the Necropolis lies; and we find in 
one of the quarries there a charred coal similar to that found 
here. It has been supposed that a dike, emerging from Craig- 

*See Trans, of OeoL Soc Glas., YoL iii., page 101. 
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park, and nmning in an E. or N.E. direction, cuU ofiP the 
upper coal measures, and dislocates the strata about 200 fathoms. 
It is said to be exposed in the hill running eastward from 
Cumbernauld Boad, and also to run through Alexandra Park to 
the trap at Gartcraig. However that may be, we have no 
eyidence of it here, and the yarious sections rather tell 
against the existence of a fault of anything like the extent 
above stated. 

Passing onwards, we go under the new part of the Monkland 
Canal, and find ourselves in the cinder heap of Blochalm, where 
might have been seen a most interesting section of <' recent 
igneous formation." The slag continued to bum for months 
after being turned out, and fused into large masses, which 
took a vast deal of work to cut through when the cutting was 
mada After we have gone through the tunnel we come to an 
interesting section, and of which, although the greater part is built 
up, there still remains enough to repay a visit. The strata belong 
to the MiUstone grit series, which is somewhere about 300 fathoms 
below the '<E11" coaL The rocks exposed are sandstone, shale, 
fire-day, anthracite coal, and three or foui' bands of clay ironstone; 
and the way in which they are uplifted and cut off is very 
instructive. At one place there is a dyke of white trap which, 
rising at an angle of about 60"", gradually becomes more attenuated 
and more horizontal, and disappears after assuming the character 
of a bedded trap, being, at its termination, only a few inches in 
thickness. At another place there is a flow of dark-coloured 
bedded trap; we find also several faults with no igneous rocks 
appearing. 

At the end of this section lie the extensive quarries of 
Blochaim, where the sandstone is of a very soft nature— crumbling 
down on exposure to the atmosphere. The quickness with which 
it weathers is weU shown in this cutting, as it is scooped out 
from two to three feet, leaving the hard overlying sandstone 
projecting above, although it has been exposed only a few 
months. The only fossils found here are some pyritized plant 
remains, which cannot be identified. On leaving these quarries, 
and passing under the bridge crossing the road leading to 
Blochaim, we come to a fresh set of sections which dip to the 
N. about ten or twelve degrees: — 
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WT. lif. 

Thin-bedded sandstoxie 2 

FeLspathio ash 16 

Shale 2 

Sandstone, oontainizig many fragments of ash 6 

F Ashy with plant remains 6 

F Sandstones, thin-bedded, with plant remains 8 9 

o Do., do., with casts of marine sheUs 9 

Shale, arenaceous ...••. 1 6 

o Sandstone, with sheUs 16 

o Do., with casts of shells .... 2 6 

Sandstones, thin-bedded .... (say) 8 6 

B Black shale, with Linguia 9 

Sandstones, thin-bedded 8 

This section disappears at what used to be the bed of the 
Molendinar Bam, and the next section ahnost immediately 
commences, dipping at about the same angle in an opposite 
direction, viz., S.E. ; so that probably at this point the bum flows 
along a line of fault. The following section, which I belieye 
to be simply a continuation of the foregoing, commences here : — 

FT. m. 
Sandstone, thin-bedded 19 

Do., do., with casts of sheUs ..09 
Single 2 6 

J Shale (calcareous) 10 

1 Cement 11 

J Shale (not cat through) exposed about ..60 

It is remarkable that the sandstones here contain marine shells, 
which is an extremely rare occurrence. We find it stated by Mr 
Thos. Davidson, F.E.S., in his monograph of the '^ Carboniferous 
Brachiopoda of Scotland," that in 1857, at a cutting in Parliamen- 
tary Soad, at the comer of Frederick Street, a sandstone waa 
exposed containing numerous casts of Productus, Spirifera, etc. ; 
and this, I believe, belongs to the above series, although the 
fossils seem to be different. It was impossible to keep separate 
the fossils belonging to each bed, as they were all thrown 
together into one heap, where I found the greater part of those 
I have collected. From the section, however, I find that Orihis 
resupinata, Martin, is common in all the beds, but especially so 
in one of them, where a single blow of the hammer sometimes 
revealed twenty or thirty specimens; another bed cont&ins 
Mydlina VemeuUU in abundance, and another, Str^torhynchiua 
crenisMa, var. robusUh HalL This shell was first discovered in 
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this country by Mr Jas. Thomfion, F.G.S.^ in Tirfergus Glen, 
Gampbelto^yn,* in an arenaceous deposit amongst strata, which 
he then believed to belong to the lower limestone series. Mr 
Thomson, however, now believes that this is the same as the 
Campbeltown horizon, which may thus be regarded as upper 
instead of lower limestone. The most noticeable shell found in 
this deposit is a specimen of Disdnay which measures If inches 
in diameter, and which is referred to D. Graiffiij Dav., by Mr 
Davidson. In those beds where we find only casts, the space 
occupied by the shell is left vacant, and the muscular impressions 
are shown on the internal cast. The bed containing the shells 
is a hard sandstone, and few good specimens were obtained 
from it There is also a kind of sandstone about 6 inches 
thick, containing numerous specimens oiMyaUna Femeuilli, M'Coy, 
in an ilhcrushed state; it was reached during the excavation 
for a culvert to carry off the Molendinar Bum, and was only 
exposed for a few days, so that I did not get its proper position. 

The shale above the cement is charged with fossils, generally 
in a bad state of preservation, and all changed into cement 
stone. Some veiy fine examples of various shells, and some 
very rare species have been found here; among which may 
be mentioned Plmrotomaria striata, Nautilus nodiferuSy MyacUes 
stdcatus (covered with little points arranged in straight lines 
radiating from the hinge); DerUdlium inomatum is also abundant^ 
and somewhat different from those found in other places, 
being longer and not having so much taper. The shell which 
will attract the most attention, however, is a Productus, believed 
by Mr Davidson to be P. carbonarins, of de Eoninck. Mr Davidson 
figured a specimen (belonging to the Jermyn Street Museum, 
London, and said to be from a locality north of Glasgow) in his 
monograph of Scottish Carboniferous Brachiopoda, and afterwards 
in his monograph of British Carboniferous Brachiopoda, being 
the only British specimen he had ever seen. Four specimens 
were sent him for identification from this bed.t 

In the Catalogue of Carboniferous Fossils of the West of 
Scotland:^ it is altogether omitted, and in the Catalogue of the 

* Trans. GeoL Soc. Glas., YoL ii., page 76. 

t Prof, de Koninck, who has siiioe seen these f oenli^ pronotmces them to be 
P, eof^fontarius* 
$ Ihiiia. QeoL Soc Glas., YoL iii, 1871. 
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Western Scottish Fossils* it is noted as ''said to be ficom the 
Glasgow coalfield." It would be interesting to know the 
mineral character of the specimen in the Jermyn Street 
Museum, as we could thereby fix with tolerable certainty 
if this is the bed from which it came. It would be curious if 
this should now prove to be the case^ and that it should 
not have been decided for twenty years after the publication 
of Mr Davidson's monographs. P. pusttdasus^ Philips, which 
had not at that time been got in Scotland, is figured from 
the same locality; and we also find in this bed specimens which 
would have been referred to this species, but that there 
were found all varieties between it and the typical F. 
scabriculus, Mart., to which they have been referred, although 
some of the specimens show the median ridge of the interior of 
the dorsal valve to be simple, as in P.pushUosus. This shale 
contains numerous nodules full of shells ; and we have noticed 
that a number of shells occur in these which are not found in the 
shale. The shale underlying the limestone contains fewer fossils, 
but these are, so far as I have seen, the same as in the upper shale; 
for the same reason as in the case of the sandstones, I cannot 
separate the fossils in the two beds. 

The cement is too "cold" for profitable working. It is an 
extremely hard stone at first, but on exposure becomes changed 
into a very soft ochre. Its structure is altered in a re- 
markable degree from a stratified to a columnar rock. In 
that part of the section, where Gamgad Boad used to be, 
we have the cement coming to the surface, and for about 
twenty feet or so it presents this columnar structure, which 
gradually dies out as the strata get more covered from the 
weather. I have never heard of columnar structure being pro- 
duced by any other than igneous action, but here is an example 
caused in quite another way. The columns are generally four 
sided, and from two to four inches across. The cement contains 
numerous fossils, which are very difficult to extract 

Proceeding onward across Gamgad Boad, we find the cutting 
is light, and some shale is seen, but nothing worthy of remark 
till we come to the tunnel under the Caledonian Bailway, where 
we find a section like the following : — 

* Pablished by tlie locftl Ezeoative Committee of tlie British AMooution, 
Okigow, 1876. 
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rr. IN. 

Saxuktone 10 

Sandy BluJe 16 

Goal 

These lie at an angle of about 45^ against a fault, on the other 

side of which we find 

FT. m. 

Sandy shale 2 

Dark brown Bandstone (not cnt throngh). 

This sandstone is very dark coloured, and ertends a good way into 
the tunnel. On the north side of the tunnel there is a quarry, in 
which we find a fine white sandstone overlaid by about twenty 
feet of coarse rode. From this point the railway is on level ground, 
and shortly afterwards joins the older branch near SighthilL 

With regard to the glacial deposits, we have the blue boulder 
day, containing the usual quantity of boulders, some as laige as 
six feet on the longer axis. It covers the whole district towards 
the south of this line, and may be seen here from Whitevale as 
far as Burnbank; but, so far as shown by the cuttings north of this, 
the district is remarkably clear of it Most of the boulders are 
local; thus we find at Whitevale and elsewhere fragments of the 
burnt coal and ash in gUu at Burnbank, and of the cement at 
Gamgad Soad. There are veiy few far-travelled stones; how- 
ever, we managed to pick up specimens of gneiss and schist^ 
which have come probably from the West Highlands. A black 
fine-grained limestone is common, but I cannot say whence it is 
derived. Various boulders contained fossils, and one dark very 
heavy sulphurous limestone appeared to be almost entirely made 
up of shells ; while in another block were found Spin/era, Ter&- 
braitda, eta One block of sandstone, on the Gamgad Hill near 
the railway, disdosed a specimen of SHgmaria steUata. But the 
most interesting boulder was one of blue limestone, which, on 
being weathered, became of a dark cream-colour, and softened so 
that^ from the crushed fragments, about twenty minute spedes of 
spiral shells were taken, as well as various Entomostraca. 

Lying in a hoUow of the boulder clay, near Whitevale, was a 
patdi of sand about six feet thick. Laminated clay is also found, 
extending from Duke Street for a few hundred yards to the north, 
the boulder day being abruptly cut off, as it were, so that 
the bridge over Duke Street has to the south a thick bed of 
blue day, and to the north a similar bed of brick day. 
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At the heavy catting north of Alexandria Parade we find, on 
the top of the true boulder clay, another boulder clay, which 
differs fix>m it in being of a brown or rusty colour, and having 
an appearance as if it had been partially stratified, and that 
in a wavy manner. The contained boulders are not so large, 
although quite as numerous as in the true clay, and a number 
of them are striated. I would suggest that this bed may 
have been formed from material dropped from floating ice into 
moving water, and that it accumulated faster than it could 
be arranged by the current. 

I have not observed any polished or striated rock surfaces, 
though the great majority of the boulders are so; a curious 
circumstance is the manner in which coal is placed in the till, in 
several places being collected as in a seam. In one of these it 
rises at about an angle of 45"^ for seven or eight feet^ and turn- 
ing with a sharp anticline descends at about the same angle^ 
thus forming two sides of a triangle with a right angle at the apei^ 
it has a thickness of about thirty inches. At another place this 
drift coal is seen deposited in a curve, the upper end of which is 
nearly perpendicular and about eighteen inches thick. From this 
point it becomes thinner and ceases about six feet lower, with a 
thickness of about six inches. On examining the mass we find it 
composed of fine dross, the largest of the grains being about the size 
of a large pea. I cannot give any satisfactory cause for this deposit. 

The following is a list of the fossils found in the various strata 
above noted. My thanks are due to Mr Joseph Wright, Belfast^ 
for help in- naming the Aviculopectens, and to Mr R Etheridge^ 
jun., of H.M. Greological Survey, Edinburgh, for assistance in 
naming a number of the fossils : — 

NOTE OF THE FOSSIUFEBOUS BED& 



MAUL 


LOGAUTT. 


CHiaionB. 


pBsvAn.um 
FoBsoa. 


A 


Whitcfvale. 


Sandy Bhak. 
Black shale. 


Plants. 


B 


Whitevale. 


Plants. 





Bumbank. 


Black f eruginotis ahale. 
Hard black Bhale. 


Plants. 


D 




Shells. 


■ 


Bumbank. 


Laimnated sandfltone. 


Plants. 


y 


South of Gangad Boad. 


Yolcanicaah and sandstone. 


Plants. 


o 


South of Garngad Boad. 


Various beds of sandstone. 


Mftfi^^^fiV^^l^j- 


B 


South of Gatngad Boad. 
GanigadBoad. 




Tnngnl^ 


I 


Calcareous shale and cement. 


Marine shellB. 
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PLANTS. 

Plant remaiiis are found more or le« in all the bedi^ except in the cement^ 
and the shales overlying and underlying it. In many of them, howeveri the 
remains are cfaaRed, and defy determination. 

ALGA 
Remains of what is belieyed to be a faooid occur abondantly in the partings 
of some of the sandstones to the south of Gamgad Bead. 

Fnjcnsa 

Aldkofkrit hdercphyUia, Lindley. A B Common. 

— — — -^ UmckUidU, Sternberg. A B CJonmion* 

ienxtt, lindL a Very rare. 

Ojfclopterii, tp, b Very rare. 

Newropkrit giganUa, Stemb. B Conmion. 

' LoikUf Brongniart B Ck>mmon. 

■ aUenwUa^ LindL B Bare. 

Sjpkenopterk kUifolia, Brongn. B Bare. 

EQUIBETACEiK 

(kUamUei approxmaiua, BrongzL A Common. 

cannetformii, Schlotheim. B Bare. 

nodoitu, Schloth. abb Common. 

LTOOFODIAOEA 

ffdlonia, «p. B Bare. 

Kncrria kunna, UndL Common. 

Lipidodendnm eUgans, Brengn. Common. 

^— ^-^— gradUy LindL o Common. 

— — — «p. A Bare. 

SHgmariaJieoidiB, Brongn. A b F Conmion. 

SigUlariaf jp. Quarry north of CaL 

Bailway. 

Oardioearponf ip. F Very rare. 

ACTINOZOA. 

AlveoUUs HploKt, Fleming. I One on a Nautthu. 

CfUiiophyUum Jfip<irUlum t, M'Coy. o One specimen (cast). 

ECHINODEBMATA. 

PiiocriMU gloMarii, De Koninok. i Moderately common. 

PoUrioerintu erasnuy Miller. 1 Bare. 

■ quinquangtdartBf BCiller. a i Common. 

— tenuiif Miller. o i Common. 

ANNELIDA* 

SerpidUa carbonaHiiafWCjoj, o Common in one of 

the sandstones. 
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OBUSTAOEA. 
Owing to the hard nAtnre of the BhiLe marked I, it has not been 
searched for Ostracoda, bat without doubt they are to be found in it. Should 
it be allowed to weather, it may be poesible at some future time to add a list 
of the BpecieB found. 

TBILOBITA. 
Otiffithides metottibercuiatu9, M'Coy. i Rare. 



BRACmOFODA. 

Athyrii amhiffuc^ Sowerby. 
Diacina OraiffU, Dayidson. 

nitida, PhillipB. 

Linfftda mytiUnda, Sow. 

' ig^uamiformiiy PhilL 

Orthii retupinata, Martin. 
Produchu aculeatus, Mart. 

- aK^xmarkUy De Kon. 

eoitatut, var. muricatui, PhiU. 

— ^^^— langispinus, Sow, 

acabrictdut, Phill. 

■ ienUretietdatus, var. Martini, Sow. 

tintuttta, De Eon. 

S^pirifera trigofudia. Mart. 
Utti, Flem, 

Spiriferina cristatct, var. octoplicakt, Sow. 
Strqftorhynehtii crenutno, Phill. 

' var. radialia, Phill. 

^-^— var. rdmsta, Hall. 



I Common. 

Onespeclfin. diam« 
oi Rare. 

1 Common. 

Common. ' 
o I Abundant. 

1 Yeiy rare, in nodules. 
I Not rare. 

Rare; I Common* 

1 Not rare. 

Rare; I Common. 

1 Rare. 

I Common. 

I Common. 

I Very rare. 

I Rare, 

o I Common. 

I Common. 

G Abundant; i Rare. 



LAMELLIBRANCHLATA. 

With the exoeption of one species (ArUhraeosia rolwita), these are all 
oonfined to the beds marked G and I. There are besides those named probably 
two or three spedes of Avieulopecteti undesciibed, and perhaps one or two 
shells belong^ to the Dimyaria are new. 

A number of these also could not be identified, owing to their imperfect state 
of preeenration. 

MONOMTABIA. 
Avicula aUemata, MOoy. 
AvidUopeeten arenattu, PhilL 

— — — ccdatus, MK/oy. 

— — ffranoiui, Phill. 

■ Murchisoni, M*Coy. 



•p. 



Pciidonomya oorrugatOf Btheridge. 
PtmukJUMifinmiit^lLut 



I Rare; in nodules. 

I Common in nodules. 

I Common. 

I Very rare. 

I Rare. 

Rare. 

1 Rare. 

I Very rare. 

I Very rare. 
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DIMTABIA. 



Anihraeosia rcbutUi, Sow. 
Arcc^, B $p. 

Cardiomorpha (Monga, Sow. 
Cypricardia rhombea, PhilL 
-^-^— - tinuakk, M'Coy. 
Edmondia ffUtboaa, M'Goy. 
LedaaUmuatOf Hem. 

uiUrmedia, Ether. 

longirottrisy M'Coy. 

obihnga, M*Coy. 

Zfptoclonutf ooteeOottM f , M<Coy. 
Luirana dongata t, M'Goy. 
Modiola megaloba, M*Ooy. 
JfyoZtna Fdmeui^Zi, M'Coy. 
MyacUea stdccOa, Flem. 
i\rticu2a ^ribdofo, Flem. 

»p. 

Pandora t dawOa^ M'Coy. 



D Common. 

1 Bare. 

I Rare. 

I Common. 

I Very rare. 

I Moderately common. 

I Common. 



I Common. 

Bare. 

Bare. 

Rare. 

Not rare. 

Rare. 



GASTEROPODA. 



BeidaJUium inomatum t, M'Coy. 
MaerocheUut acutus. Sow. 

■ fustformU, Sow. 
^— mbrieatut, Sow. 

■ Michotianuip Sow. 
••p. 



I Conmion ft very fine. 

I Common. 

I Not rare. 

I Common. 

I Abmidant. 

I Rare. 

Rare. 

1 Moderately common. 
I Rare. 

I Abundant. 

I Rare. 

I Common. 

I Rare. 

I Rare. 

I Common. 

I Very rare. 

I Rare. 



Murchiionia guadriearijiaia, M'Coy. 

■ ikiatula, De Kon. 

NaHeopm eUtpUca, PhiU. 
— ^^^ dongaia, PhilL 

variata, PhiU. 

Pleurotomaria Frenayama^ De Kon. 
— gtriaUi, Sow. 

HETEBOPODA. 
BdUrophon decuuatus, Flem.; Large and fine. 

^— var. Biriatu*, Flem.; Large and fine. 

DumonUi, D'Orbigny. 

LeveUUamu, De Kon. 

Urei, Flem.; Large and fine. 

CEPHALOPODA. 
These are very rare, except NautUm nodifmUt ArmBtrong, common in frag- 
ments. I have, however, found two nearly whole spedmena, but a little cmahed. 
AcHnoceras giganteum, Scfw, i Very rare. 
€hniatitaexeavatu9t,V}all i Two fragments. 
mutabUiB U PhiU- ' ^® specimen. 



I Common. 

I Common, 

oi Rare, 

o Very rare. 

I Common. 
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OoniaUteitp, 

NauUltu nodiferui, Axmstrong, 

— — ^ guadratm, Flem. 

Orthoceraa cUtenuatum, Flem. 



CoehUodut moffnui, Agamrfg, 
Mhiatodopgit granvlatm^ Ag. 



FISCEa 



G Bare. 

I Common. 

Rare. 

1 Moderately common, 
o Oneapedmen. 

One tooth. 

1 Very rare. 



[Abstract.] 
XV.— Notes on GLACiAji Mounds wear Balquhidder, Perth- 

SHIRB. By DUGALD BeLU 

[Bead 18th Kovember. 1874] 

In this Paper the author described some remarkable glacial 
mounds which occur in the neighbourhood of Balquhidder, 
Perthshire. They had attracted his attention when passing 
through the district several years ago, and more recently he had 
had an opportunity of looking at them again. The locality, as 
the members were aware, is on the line of railway between Cal- 
lander and Eillin. Proceeding from the Bridge of Allan to Cal- 
lander, we cross the great belt of the old led sandstone of Scot* 
land, deeply covered in many places with till and ''upper drifts" 
and strewn here and there with erratics, some of considerable 
size. Near Callander we come upon the conglomerate at the base 
of the system, which extends north-east by Crieff and Dunkeld, 
and south-west by Aberfoyle, and through Loch Lomond to the 
Firth of Clyde. Here we observe some well-marked instances of 
striation. Leaving Callander, we enter the schistose region at 
the Pass of Leny; and as we pass along the shores of Loch Lub- 
naig, we see striking examples of ice-work on the hill sides and 
along the bottom of the valley. From Callander our course has 
been nearly due north, but at Eingshouse the upper part of 
Strathyre bends sharply round to the west, extending about two 
miles in that direction to Balquhidder, at the foot of Loch VoiL 
This beautiful, lonely lake stretches some four or five miles further 
west towards the lofty range of mountains, several of them about 
3000 feet in height, which forms the watershed between it and 
Glen FallocL At ELingshouse, where we leave the railway, the 
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monndfl now referred to present themselyes in a yery striking 
form. They are heaped up against the hill at Eingshotisey facing 
the upper part of the strath, and extend for some distance also 
towards Locheamhead, indicating that the ice, which at one time 
filled the valley, diverged at this rather sudden torn in two op- 
posite directions, the greater part of it, however, sweeping round 
towards the south, in the direction of Loch Lubnaig and Gal> 
lander. Having illustrated this by a few sketches, and by a re- 
ference to corresponding phenomena which he had lately observed 
in Switzerland, Mr Bell next called attention to another series of 
mounds presenting similar features, which occur in the ''side 
glen" called ''Glen Buckie," or the Galair Bum, that opens out 
southward from Balquhidder, and leads on to Glenfinlas in the 
Trossachs. Near the mouth of this glen there is a very wonder- 
ful display of heaps and ridges of moraine matter, extending to a 
considerable height on the hill-sides, and which are roughened 
over with an immense number of perched blocks, some of large 
size. Among the varieties of rock observed here is a peculiarly 
hard dark-grained syenite, boulders of which have been found in 
the neighbourhood of Doune on the one side, and of Dumbarton 
on the other. The arrangement of these mounds and ridges 
clearly indicates a curving of the ice to the east, round the 
shoulder of the hill called Buchaille Bhreige, to coalesce with the 
main mass proceeding from the mountains at the head of Loch 
Veil. On the opposite side of the strath there is another and 
smaller " side glen," Kirkton Glen, extending to the north, which 
presents similar phenomena, though not on so striking a scale. In 
crossing into this glen from Luib, at the date of his earlier visits 
the writer had seen reason to believe that at one time the ice had 
passed into it from Glen Dochart on the north; and as the sum- 
mit level between the two is close upon 2000 feet, this may give 
some idea of the magnitude of the glacier which then occupied 
Glen Dochart from side to side, and extended eastward over what 
IS now the bed of Loch Tay. The mounds, however, at Kings- 
house and Calair Bum, which he had brought under the notice 
of the Society, belonged to a later stage of the glacial period, 
when the great mer de glace had given place to local glaciers, of 
whose latest work these were the indications. They occur at 
Kingshouse at about 450 feet and upwards, and at Calair Bum 
chiefly between 500 and 700 feet above the sea-level, and had 
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evidently never been touched by the sea since they were hdd 
down. Mr.Bell then referred to some points connected with the 
silting np of lakes, as presented by Loch Lubnaig and Loch Voil, 
which were once in all probability united; and concluded by re- 
commending those members who were interested in such subjects 
to Ymi the picturesque locality which he had^ however imperfectly, 
brought under their notice. 



[Abstract.] 
XVL— On the Geology of Switzebland. By Dugald Bell. 

[Bead Uth Janiiazy, 1876.] 

In these Notes on the Greology of Switzerland, the author em- 
bodied some observations made during a recent visit to that 
country. After remarking on the connection that exists between 
the scenery and the geology of a country, he alluded to the many 
eminent investigators who had illustrated the rock-formations of 
Switzerland — ^as Studer, Escher, K de Beaumont, Favre, Desor, 
on the Continent, with Murchison, Lyell, Bamsay, and others of 
the English school There also Gharpentier, Rendu, Ouyot^ 
Agassiz, Forbes, and Tyndall had spent laborious but delightful 
days in studying the structure and action of glaciers. The ''play- 
ground of Europe " had thus become classic ground to the geolo- 
gist. He then gave an outline of the general structure of the 
country, in its three main divisions of the Jura mountains, the 
middle plain, and the Alpine districts, showing how the secondary 
rocks^oolitic and chalk — of the Jura are overlaid by tertiary 
strata {Molasse) in the middle plain, but reappear on the flanks of 
the Alps upheaved into lofty mountains, and are succeeded by 
micarschist, gneiss, and granite, forming the central parts of the 
great Alpine chain and the back-bone of the European continent. 
The first point, accordingly, which struck one with regard to 
Swiss geology, was the comparatively recent age of these the loftiest 
mountains in Europe, composed as they are in great part of strata 
formed within the tertiary period. While our own higher moun- 
tains are made up of rocks belonging to an immense antiquity, the 
Alps, the Apennines, Pyrenees, Carpathians, in Europe, and the 
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HimalaTas in Asia, are all^ geologically— as shown by the strata 
which they contain^f very modem date. This led him to notice 
the contrast presented by the comparatively undisturbed state of 
those secondary and tertiary deposits in Britain, with the pro- 
digious upheavals and disruptions which the same strata have 
undergone on the Continent. Not that this country was entirely 
exempt from these disturbances of the earth's crust, which appear 
to have prevailed in Switzerland during part of the tertiary period. 
The researches of the Duke of Argyll, of Prof, Geikie, and, more 
recently, of Prof. Judd, have established the former existence 
along the north-western coast of the British Islands of a great chain 
of volcanoes, which threw out immense sheets of lava and heaps 
of scoria subsequent to the middle of the tertiary period; and 
these great Hebridean volcanoes appear to have been contempor- 
aneous with the final elevation of the Alpine chain. The next 
point to which Mr BeU referred was the astonishing metamorphism 
which the secondary strata in or near the Alps had undergone. 
To find belemnites in mica-schist must be a new experience to a 
student of the science from this side of the Channel. Yet in some 
places in the Alps the lias and other Jurassic rocks had been com- 
pletely altered into clayslates, mica-schists, and gneiss, with bands of 
crystalline limestone. Elsewhere, even tertiary strata^ nummulitic 
limestone, etc., had been converted into crystalline rocks — into 
marble, quartz rock, and gneiss; so that geologists were now dis- 
posed to conclude that not only the schistose rocks, but also the 
granites, as those of St Gothard and Mont Blanc, are of metamor- 
phic origin, and that, in short, the main mass of the Swiss 
Alps is composed of altered secondary rocks. He then gave a 
graphic sketch of the route from Lucerne, by the St Gothard and 
Furca Passes, to the Ehone Glacier, and thence by Grimsel and 
the Hasli Thai, through the well-known Bernese Oberland. He 
described at some length the Bhone and Unteraar Glaciers, and the 
evidences of their vast extension in former times, paying a hearty 
tribute to the memory of Agassiz and other early investigators of 
these phenomena. With regard to boulder clay, of which some 
doubted the existence in Switzerland, he instanced the old mor- 
aines of the Ehone Glacier, and the ridges with abundance of fine 
clay found close to the end of the existing glacier, as very similar 
to the boulder clay of this country. At the same time, it was to 
be remembered that the nature of the boulder clay in any given 

Q 
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place must depend on the rocks over which (he glacier had passed 
It was not to be expected that a glacier proceeding only from 
granite or gneiss should produce a clay in all respects the same as 
that formed by one which had passed over a great variety of rocks, 
slates, old red sandstone, traps, and beds belonging to the coal 
formation. Besides, it was not close to the small existing glaciers 
that the old typical boulder clay of Switzerland wsa to be looked 
for, but in the lower valleys, on the central plain, and even at the 
base of the Jura mountains opposite. He gave instances of its 
occurrence in such situations — which had also been noticed by M. 
Morlot, Sir Chas. Lyell, and Mr James Geikie — ^pointing out that 
as there was no reason to suppose that Switzerland had been sub- 
merged during the glacial epoch or since, these were clear proofs of 
the formation of till or boulder clay by the action of land ice alone. 
He concluded by referring to the enormous waste and wearing 
down of the rocks caused by these icy masses, as evidenced by the 
quantities of sediment which every glacier stream or river is car- 
rying away, and which, with the other meteoric agencies, are surely, 
and by no means slowly, bringing down these majestic mountains, 
and spreading out their materials elsewhere. 



XVn.— Geological Climate. By Sir William Thomson, 
LLD., F.RS., etc.. President With a Map. 

[ReAd 2ad Febnuiy, 1877.] 

The subject on which I am to speak to you this evening, is one 
which has interested and exercised geologists from the very 
beginning of their science. We find in geological strata mahy 
evidences of differences of climate through different periods of 
past time; and strenuous endeavours have been made to account 
for those differences. The subject has acquired a special interest 
within the last few months, through the return of the Arctic 
expedition bringing evidences of a very warm climate, probably 
as warm as we have it now in the tropics, within nine degrees of 
the North Pole. It had been well known that places far north 
as for instance Melville Island and Prince Patrick's Island, 
within fifteen degrees of the pole, had at some time, not very 
remote, enjoyed a climate comparable with our own or at 
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all events comparable with the climates of Norway, Sweden, 
and the north of Scotland. On this point I find a most 
interesting statement in CroU's book, '< Climate and Time/' 
Although it is no doubt weU known to many present I am 
sure all will hear it with interest if I read it to you. It 
is entitled " Evidence of Warm Periods in Arctic Eegions." — 
^'The fact that stumps, etc., of fuU-grown trees have been found 
in places where at present nothing is to be met with but fields 
of snow and ice, and where the mean annual temperature scarcely 
rises above the zero of the Fahrenheit Thermometer, is good 
evidence to show that the climate of the arctic regions was once 
much warmer than now. The remains of an ancient forest 
were discovered by Captain M'Clure, in Banks's Land, in 
latitude 74"^ 48'. He found a great accumulation of trees, from 
the sea level to an elevation of upwards of 300 feet 'I 
entered a ravine,' says Captain M'Clure, 'some miles inland, 
and found the north side of it, for a depth of 40 feet from the 
surface, composed of one mass of wood similar to what I had 
before seen,'* In the ravine he observed a tree protruding about 
8 feet, and 3 feet in circumference. And he further states that, 
^From the perfect state of the bark, and the position of the trees so 
far from the sea, there can be but little doubt that they 
grew ori^nally in the country.' A cone of one of the fir-trees 
was brought home, and was found to belong apparently to the 
genus Abies, resembling A, (Pinus) alba. 

"In Prince Patrick's Island, in latitude 76** 12' K, longitude 
122^ W., near the head of Walker Inlet, and a considerable 
distance in the interior in one of the ravines, a tree, protruding 
about 10 feet from the bank was discovered by Lieutenant 
Mecham. It proved to be 4 feet in circumference. In its 
neighbourhood several others were seen, all of them similar to 
some he had found at Cape Manning; each of them measured 
4 feet round and 30 feet in length. The carpenter stated that 
the trees resembled larch. Lieutenant Mecham, from their 
appearance and position, concluded that they must have grown 
in the country.t 

" Trees under similar conditions were also found by Lieutenant 
Pim on Prince Patrick's Island, and by Captain Parry on MeMUe 

♦ ** Discovery of the North-West Passage,*' page 213. 
t ** Voyage of the Resolute,'* page 294. 
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Island, all considerably above the present sea-level and at a 
distance from the shore. On the coast of New Siberia, Lieutenant 
Anjou found a cliff of clay containing stems of trees still capable 
of being used for fuel. 

" * This remarkable phenomenon/ says Captain Osborne, 'opens 
a vast field for conjecture, ftnd the imagination becomes be- 
wildered in trying to realise that period of the world's history 
when the absence of ice and a milder climate allowed forest 
trees to grow in a region where now the ground- willow and the 
dwarf-birch have to struggle for existence.' 

" Sir Eoderick Murchison came to the conclusion that all those 
trees were drifted to their present position when the islands of 
the Arctic Archipelago were submerged."* * * • "As 
Captain Osborne has pointed out, however, Sir Roderick's 
hypothesis leaves the real difficulty untouched. 'A very 
different climate,' he says, 'must then have existed in those 
regions to allow driftwood so perfect as to retain its bark to 
reach such great distances; and perhaps it may be argued that 
if that sea was sufficiently clear of ice to allow such timber to 
drift unscathed to Prince Patrick's Land, that that very absence 
of a fro9en sea would allow fir tre-es to grow in a soU naturally 
fertile,' f 

• • * "All who have seen those trees in arctic regions 
agree in thinking that they grew in situ. And Professor Haughton, 
in his excellent account of the arctic archipelago appended to 
M'Clintock's 'Narrative of Arctic Discoveries,' after a careful 
examination of the entire evidence on the subject, is distinctly 
of the same opinion; while the recent researches of Professor 
Heer put it beyond doubt that the drift theory must be 
abandoned. 

"Undoubtedly the arctic archipelago was submerged to an 
extent that could have admitted of those trees being floated 
to their present positions;" # * * «jjut submergence, 
without a warmer condition of climate, would not enable trees 
to reach those regions with their bark entire. 

"But in reality we are not left to theorise on the subject, 
for we have a well-authenticated case of one of those trees being 
got by Captain Belcher standing erect in the position in which 

* Quarterly Journal Geological Society, Vol. XI., page 640. 
t "M*Clure*s North West Passage/ page 214. Second Edition. 
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it grew. It was found immediately to the northward of the 
narrow strait opening into Wellington Sound, in latitude 
75° 32' N., longitude 92** W., and about a mile and a half 
inland. The tree was dug up out of the frozen ground, and 
along with it a portion of the soil which was immediately in 
contact with the roots. The whole was packed in canvas and 
brought to England. Near to the spot several knolls of peat 
mosses about nine inches in depth were found, containing the 
bones of the lemming in great numbers. The tree in question 
was examined by Sir William Hooker, who gave the following 
report concerning it, which bears out strongly the fact of its 
having grown in situ. 

" *The piece of wood brought by Sir Edward Belcher from the 
shores of Wellington Channel belongs to a species of pine 
probably the Pinus (Abies) alba, the most northern conifer. The 
structure of the wood of the specimen brought home differs 
remarkably in its anatomical character from that of any other 
conifer with which I am acquainted. Each concentric ring 
(or annual growth) consists of two zones of tissue j one, the 
outer, that towards the circumference, is broader, of a pale 
colour, and consists of ordinary tubes of fibres of wood, marked 
with discs common to all coniferse. These discs are usually 
opposite one another when more than one row of them occur 
in the direction of the length of the fibre j and, what is very 
unusual, present radiating lines from the central depression to 
the circumference. Secondly, the inner zone of each annual 
ring of wood is narrower, of a dark colour, and formed of more 
slender woody fibres, with thicker walls in proportion to their 
diameter. These tubes have few or no discs upon them but are 
covered with spiral strisB, giving the appearance of each tube 
being formed of a twisted band. The above characters, prevail 
in all parts of the wood, but are slightly modified in different 
rings. Thus the outer zone is broader in some than in others, 
the disc bearing fibres of the outer zone are sometimes faintly 
marked with spiral strise; and the spirally marked fibres of the 
inner zone sometimes bear discs. These appearances suggest 
the annual recurrence of some special cause that shall thus 
modify the first and last formed fibres of each year's deposit, 
so that that first formed may differ in amount as well as in 
kind from that last formed j and the peculiar conditions of an 
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arctic climate appear to afford an adequate solation. The 
inner or first-formed zone, most be regarded as imperfectly 
developed, being deposited at a season when the functions of 
the plant are very intermittently exercised, and when a few 
short hours of sunshine are daily succeeded by many of extreme 
cold. As the season advances the sun's heat and light are 
continuous during the greater part of the twenty four hours, 
and the newly formed wood fibres are hence more perfectly 
developed, they are much longer, present no signs of striae, but 
are studded with discs of a more highly organized structure 
than are usual in the natural order to which this tree belongs.' * 

'^Another circumstance which shows that the tree had grown 
where it was found is the fact that in digging up the roots 
portions of the leaves were obtained. It may also be mentioned 
that near this place was found an old river channel cut deeply 
into the rock, which, at some remote period, when the climate 
must have been less rigorous than at present, had been occupied 
by a river of considerable size. 

"Now, it is evident that if a tree could have grown at 
Wellington Sound, there is no reason why one might not have 
grown at Banks's Land, or at Prince Patrick's Island. And, if 
the climatic condition of the country would allow one tree to 
grow, it would equally as well allow a hundred, a thousand, 
or a whole forest If this, then, be the case. Sir Boderick's 
objection to the theory of growth in situ falls to the ground." 

The theory set forth by LyeU in the celebrated twelfth chapter . 
of his "Principles of Geology," according to which variations 
of climate are explained by variations in the distribution of land 
and sea, seems amply sufficient to account for forests of such 
trees as now flourish in northern Europe having grown over 
those already explored arctic islands on the north side of north 
America where we have found their remains, and to lead us 
to expect that similar remains of ancient forests may be found 
anywhere within the arctic circle where land is reached and 
explored in future, even if up to the very North Pole. Just 
look at this map of the circumpolar regions. Look at this 
great north polar Mediterranean sea, everywhere about 2000 
miles across. At present there is just one tmde entrance to it 

* <* British A«ociation Beport for 1855,'* p. 381. ''The Last of the Ardde 
VoyagcB," vol. L, p. 881. 
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from temperate waters, that '^ Greenland sea," a channel 720 
miles broad between Norway and East Greenland opening 
the Polar Sea to the North Atlantic. On the west side of Green- 
land, between it on the east and Ellesmere Land and Grinnel 
Land on the west, there is another entrance — ^the long narrow 
channel of Smith's Sound, Kennedy Channel, and Eobeson 
Channel, 600 miles long, narrowing to about 30 miles in several 
places, and to 20 miles in the very portal of the Polar sea 
at the north end of Eobeson Channel. There are besides 
entrances by long intricate, narrow channels among the islands 
of the North American Archipelago west of Ellesmere Land and 
Grinnel Land : and just one other entrance — that from the North 
Pacific, — Behring's Strait fifty miles broad Travel now along 
the boundary of the North Polar Sea eastwards; first along 
the north coast of Europe and Asia, from Norway round 
to Cape North in the far east of Siberia; thence on east- 
wards in west longitude along the north coast of the extreme 
eastern peninsula of Siberia; then across Behring's Strait 
along the north coast of the North American continent to 
Mackenzie Eiver and Franklin Bay: then northwards and west- 
wards along the eastern and northern coasts of the outlpng 
islands of that great north American Archipelago so splendidly 
explored by British Arctic expeditions within the last 60 
years: then from Parry Islands and Queen's Channel and 
Belcher Channel strike northwards and explore 300 miles of 
unknown but probably existing east and north east coasts of 
Ellesmere Land and Grinnel land till you come to Cape Alfred 
Ernest and Point Alert. Travelling thence eastwards on Lieut 
Aldrich's sledge route of 225 miles along the North coast of 
Grinnel Land, you find yourself once more among familiar names;* 
Cape Evans, Milne Bay, North west Cape May, Cape Richards, 
Cape Stephenson, Cape Alexandra,* Ward Hunt Island, Disraeli 
Bay, Cape Albert Edward, Cape Nares, Cape Aldrich, Parr Bay, 
Clements Markham Inlet, Feilden Peninsula, Cape Joseph Henry, 
Paterson Bay, Hilgard Bay, Cape Belknap; till you come to the 
Alert's winter quarters of 1875-6. Then strike across the mouth 
of Eobeson Channel 20 miles and you find 120 miles of the 

* These names are all to be found in the laige-scale bharts of the 
Admiralty Blue Book containing the foil report of the recent Arctic 
£izpedition» 
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North coast of Greenland, well surveyed by Lieut Beaumont. 
Beyond the end of his sledge route there are notable features. 
Mount Farragut, Mount Coppinger, North-east Cape May, Mount 
Hooker, Beaumont Island, with its Mount Albert; and at a 
distance of 30 miles Cape Britannia; all sketched and their 
positions accurately fixed by " angles." Lithographed views of 
them are published in the Admiralty Blue-book, so that you will 
recognize them when you see them, as readily and surely as a 
stranger entering the British Channel can recognize St. Michael's 
Mount, or the Lizard, or Bame Head, or Portland, or Bolt Head, 
or the Isle of Wight. From Cape Britannia you have 500 miles 
of unknown but probably existing north and north-east coast 
line of Greenland to travel over tiU you find yourself at Cape 
Bismark: thence a few miles south and you may rest in 
Ardencaple Inlet having completed your 6300 miles journey 
round the whole coast of the Arctic sea. But that un- 
explored 300 miles of Ellesmere Land and Grinnel Land 
from Belcher Channel to Cape Alfred Ernest, and that 500 
miles of North and East Greenland ! Surely Austria, Grermany, 
America, and England will continue their great work of Arctic 
exploration: and may we not hope that happier times will 
soon come, when France and Russia will join in the amicable 
rivalry — not for the mere object, or perhaps not at all for the 
object, of reaching the north pole, but to explore the still un- 
explored 800 miles of coast line of the Arctic Sea, to find how 
far west and north Kellet's Land extends, and to discover all 
that can be discovered of the Austrian Islands north east of 
Spitzbergen. 

Now look once more at the arctic chart, and imagine the 
circumpolar land to be one or two thousand feet lower relatively 
to the sea level than at present. Such an effort of imagination 
does not take away your breath. You are well trained for it by 
the succession of elevations and subsidences which you have been 
called on to admit for explanation of the familiar features of our 
Scottish hills and glens. A thousand feet of depression would 
submerge the continents of Europe, Asia, and America, for 
thousands of miles from their present northern coast lines; and 
would give instead of the present land-locked and therefore ice- 
bound Arctic sea, an open iceless ocean, with only a number of 
small steep islands to obstruct the free interchange of water 
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between the North Pole and temperate or tropical regions. That 
the arctic sea would, in such circumstances, be free from ice quite 
up to the north pole may be I think securely inferred from 
what, in the present condition of the globe, we know of ice bound 
and open seas in the northern hemisphere and of the southern 
ocean abounding in icebergs but probably nowhere ice-bound up 
to the very coast of the circumpolar Antarctic continent, except 
in more or less land-locked bays. We can scarcely doubt, from 
what we actually see, that if that Antarctic continent were not there 
to receive snow (or hoar frost) to let it be kneaded into ice-sheet 
and glaciers, and to deliver masses of ice to be broken and 
washed away from its coasts, there would be neither ice nor 
icebergs in the southern hemisphere. Frozen seas, and icebergs 
in open seas, could not exist without land or very shallow water, 
in polar regions. Suppose sun and seasons, and climate, and 
distribution of sea and land to be all just as they are but with 
this difference that the Antarctic fixed ice be not supported by 
land above the sea level as it is, but be aground on solid earth 
everywhere 100 fathoms below the sea level. The undermining 
influence of the water washing against the ice all round would 
certainly cause more of icebergs to break away from it than at 
present: its area would therefore diminish (for it does not increase 
at present). The smaller the area of ice round the pole, the more 
rapidly must its boundary be eaten into by the water, and the 
less abundant can be the replenishment from the interior towards 
compensating for this consumption. Hence the ice must all melt 
away in time. Suppose |^ow the sea, unobstructed by land from 
either pole to temperate or tropical regions, to be iceless at any 
time, would it continue iceless during the whole of the sunless polar 
winter ? Yes we may safely answer. Supposing the depth of the 
sea to be not less than 50 or 100 fathoms, and judging from what 
we know for certain of ocean currents, we may safely say that 
differences of specific gravity of the water produced by difference 
of temperature not reaching anywhere down to the freezing 
point, would cause enough of circulation of water between the 
polar and temperate or tropical regions to supply all the heat 
radiated from the water within the arctic circle during the 
sunless winter, if air contributed none of it. Just think 
of a current of three quarters of a nautical mile per hour 
or 70 miles per four days, flowing towards the pole across 
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the arctic circle. The area of the arctic circle* is 700 
square miles for each mile of its circumference. Hence 40 
fathoms deep of such a current would cany in, per twenty four 
hours, a little more'than water enough to cover the whole area to a 
depth of 1 fathom: and this, if 7^*1 Cent, above the freezing point 
would bring in just enough of heat to prevent freezing, if in twenty 
four hours as much heat were radiated away as taken from a tenth 
of a fathom of ice-cold water would leave it ice at the fiBezing 
point This is no doubt much more than the actual amount of 
radiation and the supposed current is probably much less than 
would be if the water were ice cold at the pole and 7® Cent at 
the Arctic circle. Hence, without any assistance from air, we 
find in the convection of heat by water alone a sufficiently 
powerful influence to prevent any freezing up in polar regions 
at any time of year. But the air also must carry much heat — 
quantities of heat considerable in comparison with those carried 
by ocean currents, from temperate to polar regions. Think of a 
south wind of 15 nautical miles per hour through a space 
2300 feet above the surfaca The air thus in motion will be 
^ of the whole of the atmosphere over the region, and will 
therefore be equal in weight to 3 fathoms of water, and equal 
in thermal capacity to f of a fathom of water. This, if at the 
same temperature as our previously supposed current of water of 
three quarters of a mile per hour will carry as much heat 
as 15 fathoms deep of the water current; without taking 
into account the latent heat of aqueous vapour condensed into 
liquid water in the air as it cools, which gives a large addition 
to the heat carr3dng capacity of wind in ordinary atmospheric 
conditions. For example air at 15° Cent saturated with aqueous 
vapour must have twice as much heat taken from it as dry air 
at the same temperature, to cool it to 0° Cent. 

According to my brother Prof. James Thomson's theory of the 
great primary and secondary circulations of the atmosphere, the 
earth's surface in the temperate and polar regions must always 
experience a prevalence of South west winds in the Northern 
hemisphere, and North west winds in the Southern hemisphere. 
The thermal estimates which we have just had under considera- 
tion show that these poleward winds must in all possible 
conditions as to distribution of land and water, have a great 

* Being approziinately plane, and of 1400 miles radius. 
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direct influence in moderating the cold of the northern regions. 
They contribute also largely towards the same result by increasing 
the oceanic circulation, and would do so to a still greater 
degree if there were less of land than there is in the circum- 
polar and temperate regions. 

Now what must be the climate of a small island in an 
open iceless circumpolar sea) Temperate, and quite free from 
frost except in hollows, we may I think safely answer. The 
water and air all round it are above the freezing point, 
and the air is saturated or nearly saturated with aqueous 
vapour. Wells' old theory of dew now helps ua When 
the sun is below the horizon the upper surface of the earth 
whether it be rock or stones or soil, or blades of grass or 
leaves of trees — ^whatever is unscreened from above, radiates 
as long as its temperature is higher than the average radiational 
temperature of the atmosphere and spcuie above it. This tempera- 
ture will be the temperature of the under side of the cloudy 
stratum, and will generally be above the freezing point if the 
atmosphere is thickly clouded : it will be perhaps not much above 
the temperature of planetary space* when the air is at its clearest 
What then is there to prevent fine leaves of trees or grass in any 
part of the world from destruction by cooling down to near the 
temperature of space, in ten minutes after the sun setsi Answer: 
— clouds; or if not clouds, tvmd; or if neither clouds nor wind, 
dew and ground mist; clouds by moderating or annulling the 
radiation : wind by supplying heat from so considerable a mass 
of air that no part of it is cooled to the dew point : dew by the 
latent heat of the vapour from which it is formed when clouds 
and wind do not suffice to prevent the temperature from sinking 
to the dew point, and ground mist (or dew in the motionless 
stratum of air next the ground) by partially screening the 
ground from radiation and itself instead radiating heat which 
it draws from a thicker stratum of still air than could contribute 
sensibly by conduction to supply radiation from the ground. 
If these defences suffice to protect vegetation against destructive 
cold for a summer night over a flat continent in tropical or 
temperate regions it seems certain that they would suffice to 
prevent even so much as hoar frost on a small island at the very 

* That IB to say the temperature shown by a thennometer held in ipaoe 
on the night side of the earth a few thousand miles from it. 



Digitized by 



Google 



248 TRANSACTIONS OF THE GEOLOGICAL SOC. OF GLASGOW. 

pole during its whole winter six months night, if it is surrounded 
by a deep ocean with no land to obstruct free circulation between 
it and tropical seas. 

Considering, then, the absolute proofs we have in Geology of 
subsidences and elevations of vast regions of the solid earth, 
I see no difficulty in admitting the complete sufficiency of the 
theory set forth in Lyell's twelfth chapter to account for all 
that is proved of temperate climates in polar regions, and of 
alternations of glacial and mild climates in Europe, and North 
America, and New Zealand. And if a few scratched stones prove 
(as there seems fair reason to believe they do) a glacial climate 
to have prevailed at one time in some part or parts of India, 
surely the 15000 feet elevation of a district required to account 
for it in that way is a smaller assumption than the 35000 feet 
diminution of distance from the earth's centre to the surface 
for thousands of miles round the locality needed to bring the 
pole to that region. 

But the astronomical cause invoked by Herschel must have 
had, and must now have, its effect. It does not go for nothing 
that we are nearer the sun by one thirtieth of the mean distance 
in the midwinter than in the midsummer of the northern hemi- 
sphere, and in the midsummer than in the midwinter of the 
southern hemisphere. Eleven thousand five hundred years ago this 
was reversed,* and if the distribution of land and water were then 
the same or nearly the same in both hemispheres as at present^ 
there must have been more difference between winter and summer 
in the northern henusphere and less in the southern than now. 
And whatever effect on the seasons or climates of the two 
hemispheres is produced by the change in a few thousand years 
from being nearest to the sun in winter to being nearest to the sun 
in summer, much greater effect must have been produced when 
through the secular variation of the eccentricity of the earth's 
orbit the difference of distance has been three or four times as great 
as at present, as it has been probably more than once in the last 
million years. But what the precise character of this effect may 
be, or whether even at its greatest it can have been distinctly 
sensible among the undoubtedly potent influences depending on 
the distribution of land and sea, or whether it can have been 

* nixongh the precefldon of the equinoxes and the secukr variation of tii« 
position of the major axis of the earth's orbit. 



Digitized by 



Google 



THOMSON— GEOLOGICAL CLIMATE. 249 

preponderant in giving rise to alternations of glacial and milder 
epochs as argued by Mr CroU in the interesting and suggestive 
speculations of his "Climate and Time", are very diflficult questions 
which have not hitherto been validly dealt with, and which 
deserve the most careful consideration. 

As to changes of the earth's axis, I need not repeat the state- 
ment of dynamical principles which I gave with experimental 
illustrations to the Society three years ago; but may remind 
you of the chief result which is that, for steady rotation, the 
axis round which the earth revolves must be a "principal axis 
of inertia ", that is to say such an axis that the centrifugal forces 
called into play by the rotation balance one another. The vast 
transpositions of matter at the earth's surface, or else distortions 
of the whole solid mass, which must have taken place to alter the 
axis sufficiently to produce sensible change of the climate in any 
region must be considered and shown to be possible or probable 
before any hypothesis accounting for changes of climate by alter- 
ations of the axis can be admitted. This question has been 
exhaustively dealt with by Mr George Darwin in a paper 
recently communicated to the Eoyal Society of London, and the 
requisitions of dynamical mathematics for an alteration of even 
as much as two or three degrees in the earth's axis in what may 
be practically called geological time shown to be on purely 
geological grounds exceedingly improbable. But even suppose 
such a change as would bring ten or twenty degrees of more 
indulgent sky to the American Arctic Archipelago; — it would 
bring Nova Zembla and Siberia by so much nearer to the pole : 
and it seems that there is probably as much need of accounting 
for a warm climate on one side as on the other of the pole. 
There is in fact no evidence in geological climate throughout 
those parts of the world which geological investigation has 
reached, to give any indication of the poles having been anywhere 
but where they are, at any period of geological time. 

Pass now from the evidence of a temperate climate, allowing 
vegetation such as at present lives in the North of Europe, to 
have lived all over the Arctic islands at a not very remote 
geological epoch, of which we have found a perfectly satisfactory 
explanation in Lyell's hypothesis of the submergence of the 
circumpolar land barriers; and consider next the evidence with 
which geological investigation teems of warmer climate all over 
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the earth from equator to poles in the more andent geological 
periodfl. Undeiground heat, though certainly greater in the 
earlier geological times, cannot, as I have shown ebewheie,* have 
ever sensibly inflaenced the dimate. Ten, twenty, thirty times the 
present rate of augmentation of temperature downwards could 
not raise the surfEice temperature of the earth and air in contact 
with it by more than a smaU fraction of a degree Fahrenheit 
The earth might be a globe of white hot iron covered with a 
crust of rock 2000 feet, or there might be an ice-cold temperature 
everywhere within 30 feet of the surface, yet the climate could 
not on that account be sensibly different from what it is, or the 
soil be sensibly more or less genial than it is for the roots of 
trees or smaller plants. Yet greater underground heat is the 
hypothesis which has been most complacently dealt with by 
geologists to account for the warmer climates of ancient times. 
The one hypothesis of all hitherto suggested that has received 
no favour from any professed geologist is that of a wanner sun — 
the one hypothesis that is rendered almost infinitely probable by 
independent physical evidence and mathematical calculation. 



XVm.— Notes on the Fossils of the Orchard Limestonb 
SERiEa By James Armstrong and John Young, F.G.S. 

[Band ISth May, 1875]. 

In this paper we purpose giving a list of all the named fossils 
from the shales and limestone of the Orchard series, so far as 
known to us. The Orchard limestone, so called from having 
long been worked as a valuable cement on the farm of 
Orchard, near PoUokshaws, Renfrewshire, lies at the base of the 
upper limestone series in the coal basin of the Clyde. In the 
district south of the Clyde it is known in different localities under 
different names, viz., as the Lyoncross limestone at NitshiU and 
Barrhead, and as the Williamwood limestone at Cathcart. 
Orchard, however, is the place where it has been longest 
worked, and where it has been most thoroughly explored for its 
fossil remains, and where specimens may still be obtained at 
the workings, or by searching the old shale heaps. As already 

* *< Secular Cooling of the Earth,'* TnuiB. B.S.E., 1862, and Thomson and 
Tait'i Natnral Phikwophy, YoL I., App. D. 
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stated, it ifl a cement limestone of the calmy variety, and in the 
above districts varies from 18 to 30 inches in thickness, being 
sometimes separated into two bands by a thin parting of shale. 
It is of a bluish-grey colour when newly quarried, but on exposure 
to the atmosphere it weathers into a yellowish-grey, from the pre- 
sence of a little iron in the stone. It is worked both by open cast 
quarries and by mining, and is burnt in open kilns, and afterwards 
ground to a powder before being sent to the market. It sets with 
a strong band under water, and brings a good price as a hydraulic 
cement, although its rather dark reddish-brown colour prevents it 
from being as largely employed for external work as the lighter 
coloured Portland cement from England. 

Taking the Index or Cowglen limestone of the Pollokshaws 
district as the lowest limestone of the upper limestone series of 
the Clyde coal basin, we have, in ascending series over it, first, the 
thick-bedded sandstones of the Giffnock and Bishopbriggs quarries; 
second, a little higher in the series, the Orchard cement limestone 
and shales ; and third, the Arden and Bobroyston limestone on a 
still higher horizon ; the latter being made the boundary stratum 
between the higher beds of the carboniferous limestone and the 
millstone grit group. This upper group of limestones, with their 
accompanying strata, forms a well marked division between the 
overlying miUstone grit on the one hand, and the underlying coals 
and ironstones on the other, these latter in their turn resting on 
the lower group of carboniferous limestone strata. The stratum of 
impure cement limestone found overlying the sandstone of the 
BiBhopbriggs quarries north of the Clyde is believed to be the 
equivalent of the Orchard limestone ; but with the accompanying 
shale, is much more ferruginous and arenaceous. It is held in 
little esteem as a cement, only a small quantity having been brought 
to mark.et; but, nevertheless, is laid aside in heaps at the quarries, 
with the expectation that should richer cements become scarce in 
the district, it might rise in value. These cement heaps at Bishop- 
briggs quarries, from their bright orange-brown colour when 
weathered, afford a strong contrast to the sandstone heaps which 
are of a white and whitish-grey colour. 

The differences of this cement stratum in the districts north 
and south of the Clyde may have been produced by varying 
conditions of the sea bottom at the period of deposition ; that at 
Bishopbriggs having probably been laid down in shallower water. 
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These vaiying conditions have also effected to a certain extent the 
character and distribution of the marine life present, the npper thin 
band of cement-stone at Bishopbriggs being characterized by the 
occurrence of MyacUes and Pinna in the erect position in which 
they lived in the deposit, while these shells are absent in the lower 
stratum of cement at this place, as well as in the limestone at 
Orchard. The list of species given at the end of our paper shows 
the species that are found in these beds north and south of the 
Clyde, as well as those that have only been found in one or other 
of the localities. 

The Orchard limestone, like many of the cement or calmy 
limestones of Western Scotland, is not rich in fossils, and we are 
not aware that it contains any species which has not been found 
in the more rich overlying fossiliferous shale. It is therefore 
more a chemically than an organically formed limestone, its few 
fossils only occurring throughout the bed at intervals, in a crushed 
and often poorly preserved condition. The shale, above the lime- 
stone, in which the fossils are found is of a dark bluish-grey colour. 
It forms only a comparatively thin bed, and passes upwards into 
a dark clay shale of a slaty structure, in which few fossils are to 
be obtained. It breaks up readily into a soft clay under the 
influence of the weather, and while in this state it can either be 
readOy washed for the more minute organisms, or searched 
upon the old shale heaps for the larger forms, the shale heaps 
having yielded from time to time many interesting specimens. 
As the locality is within easy reach of members of this Society, it 
has consequently been often visited; we are therefore able to 
give a more complete list of the organisms it contains, than of 
localities that lie at a greater distance from the city. It may here 
be remarked that the Orchard shale is rich neither in species of 
crinoids, corals, nor polyzoa, its characteristic fossils being shells 
of the univalve and bivalve groups, along with Entomostraca and 
Foraminifera, these latter groups of organisms never being so 
abundant in strata in which crinoids, corals, or polyzoa abound. 
Such being the case, it points to the conclusion that depth of 
water, temperature, and nature of the sediments laid down over 
the various areas of the carboniferous old sea bottom, may each 
have had their influence in regulating the kind of life that flourished 
over the several tracts. 
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CATALOGUE OF THE ORCHARD FOSSILS, 



PLANTiE. 
Pieces of flattened carbonized stems are not unconunon in the shale. 

PROTOZOA. 

FORAMINIFEBA 

1. ElTDOTHTRA AMMOKOIDES, Brady. 

This and the following species of Foraminifera, except No. S, are 
obtained from the shale washings. 

2. B. BADiATA, Brady, 

Rare. 

8. Staoheia folttbehoides, Brady, 

Common on crinoid stems at 'Williamwood. 

4. Tboohaioona incbbta, lyOrbigny. 

Rare. 

5. Valvulina paljeotboohub, Bhreriberg. 

Rare. 

ACTINOZOA. 

1. LiTHODBNDBOM JUNOEUM, Fleming, 

Bare. In the shale. 

2. SmroFORA tumida, Phillips, 

Rare. In the shale. 

8. Zaphbbntib Phillifsi, MUne Sdumrds, 
Ckimmon. In the shale. 

4. Zaihsentis, tp. 

Bare. In the shale^ 

ECHINODERMATA. 

1. Abohjbooidabib Ueei, FUm. 

Fragments of spines and plates fonnd in the shale, but very nice. 
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2. PiBOOimntrs olobulaub, Dt Koninck, 

Sare. Platee of the calyx in the shale. 

8. PLATTOBiBrnB TBiourrroAOTTLUs, Auitin, 

Rare. Pieces of the arniB in the shale. 

4. PoTKBiooRnruB CBASsus, MiUer. 

Portions of stems are common, bat renuuns of the calyx are of veiy 
rare oocnrrenoe. 



AimELIDA« 

1. SSBVULIKB lODCBBANAOlUB, BPOify. 

Vexy rare. In the shale. 

2. Obtonia oabbonabia, /. Taung. 

Vexy rare. In the Shale. 



OBUSTAOEA. 

1. Baibdia oubta, var, plbbbia, Janet and Kirhby, 

Common. Found in the shale washings along with the following 
species, except Nos. 11 and 12. 

2. B. bubotlihdbioa, MUmter, 

Common. 

8. B. bttbmuobonata, /. and JT. 
Bare. 

4. BiTBIOHIA BITDBIBOULATA, M*Cojf* 

Ciunmon. 

5. B. oozuouLUS, f D^Si^wald. 

Bare. 

B. BADiATA, /. and JT. 

Common. I 

7. B. BioiDA, J, and K, 

Moderately common. 

8. Ctthbbi cx>BNiaiBA, /. and K. 

Common. 

9. C. omnoLAy /. and K. 

Common. 
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10. 0. VINTBIOOBHIB, /. and JT. 

v/omiKioii* 

11. DiTHTBOOABIS TlBTUDIKXnS, ScouUr, 

Teeth are not uncommon in amall nodules in the ahale, bat no portions 
of the can^Moe have been found. 

12. Gbufithidbs Eiohwaldz, PUcher, 

Verj rare. In the shale. 

18. Eibkbta AmaaaoB, J, and K. 
Bare. 

14. K. BIFABTITA, /. and JT. 

Bare. 

15. K. PiBifiAVA, Jonet. 

Moderately common. 

16. IiBPXBDmA OKuri, MUmt. 

Common. 



POLYZOA. 

1. Cabinella oiLLULinmA, Ethtridge, 

y exy rare. In the shale. 

2. Fbnistilla, irp. 

Small fragments of probably more than one species found in the shale, 
but they are of rare occurrence. 



BBACHIOPODA. 

1. ATHTBia AHBIO0A, Sowei^. 

Common and of larger dimemdons than in most Scottish localities, but 
perfect examples are rather rare. The detached valves are frequently 
found shewing the muscular impressions in fine preservation. 

2. Chohkcib liAOHxaaiAVA, Dt Kon. 

Bare, and of small size. 

8. Cbaxha quadbata, M*0<nf' 
Bare. Chiefly on sheUs. 

4. DiBonrA nitida, PhiU. 

Common, and in fine preservation. 
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5. LorauLA. kttiloidbs, Sow, 

CommoiL Chiefly in small noduleB, and in beantifnl preservation. 
Fonnd similarly at Bishopbriggs in the shale above the limestone. 

6. L. tSQUAlOTOBMIS, PhUl. 

Very rare. Found along with the preceding species at BiahopfariggSy 
where it is common. 

7. Obthib Mioheldti, LiveSlS. 

Vexy rare. In the shale, and in pieces. 

8. O. BBBUFINATA, Martin, 

Very rare. In the shale, of small size, in hit preservation. 

9. Pboduotub cx>ba, I/Orb. 

Very rare. An imperfect ventral valve. 

10. P. OOBTATUS, /. de C. Sow, 

Common. In the shale, of fall size, and in excellent preBervation* 
Usnally the ventral valve only is found ; the dorsal, with the mnacolar 
impressions, is rare. This would seem to be the metropolis of thia 
species in the West of Scotland. 

11. P. OIOAKTSUS, Mart, 

Very rare. Both iu the limestone and shale ; of small dimensions. 

12. P. LONaiSPiNus, Sow. 

Bare. In the shale. 

18. P. soABBionLus, Mart. 

A single example. In the shale. 

14. P. SEMIBSnOULATUS, MoTt, 

Bare. In the shale. Found in the limestone at Bishopbriggs. 

15. P. YouiraiAifrus, IkividBon. 

Bare. In the shale. 

16. SFiBinBBA OLABBA, Mart. 

Very rare. In the shale. 

17. S. OVALIB. 

Very rare. In the limestone ; one imperfect example. 

18. S. UHiATA, Mart, 

Very rare. In the shale ; of small size, but good preservation. 

19. S. TBIOONALIS, Var. BIBULOATA, SoW, 

Veiy rare. In the shale, in fragments. 
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20. S. Ubu, Flem, 

Very rare. In the shale. 

21. SpnuDTKBiNA nreouLFTA, PhiU. 

Very rare. In the shale. 

22. Btbiftobhtnohub oeinistbia, PhUl, 

Common. In the shale. Many examples are large and bnt little 
crushed, and the external sculpture is sharp and distinct, while the 
characters of the hinge area and the mnscnlar impressions are well 
displayed in many of the separated valves. The variety radidUg occurs 
bnt it is vexy rare. 

28. Stbofhomina bhokbotdalib, var, ahalooa, PhUl, 
y exy rare. In the shale. 

LAMELLIBRANGHIATA. 
MOKOUTARIA. 

1. AvicuLoraontN cxblatto, M'Cfojf, 

Very rare. In the shale. 

2. A. BTMFT.iT, Ik Kan. 

Vezy rare. A single example in the shale. 

DDfTARIA 
8. PiNHA BPATOLA, M'Cfoy. 

A single fragment in the shale. 

4. PoBixx>iroiCTA OOBBUOATA, J^her, 

Very rare. 

5. Aboa liAOOSDAiBiAirA, De Km, 

Very rare. In the limestone and shale. In the latter the specimens 
are in a beantifol state of preservation. 

6. AxnruB oabbovabids, PorUock, 

Veiy rare. In the shale. 

7. A. DELTOIDIUB, PhiU. 

Very rare. In the limestone. 

8. Cabdiokobpha, <p. 

A single example in the shale. 

9. CoNOCABDiUM DEOUSSATUM, Ether, GeoL Mag., Decade 1, VoL X., p. 112. 

Very rare. Williamwood shale. One example only. 

10. Ctfbioabdia AOunoABiKATA, AfiMtrong, 

Bare. Perfect examples in the shale and limestone. The beet locality 
in the West of Scotland for this beantifol shell. 
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11. C. BHOMBBA, PhiU, 

Common. In the limestone and ehale ; well preeenred. 

12. Lbda attevuata, Fleia. 

Common. In the shale ; large and well pramred* Oocan aleo in the 
shale above the limestone at Biahopbriggs. 

13. L. OLAVATA, M*Chy. 

Common. In the shale, well preserved, and in the limestone. 

14. Lb DITKBIRDIA, JBtker, 

Bare. In the shale, and well presenred. 

15. L. OBLOKQA, ? M'Coy* 

Bare. In the shale ; well preserved. 

16. Mtaoitib sulcata, fUm. 

Very rare. In the shale. 

17. NUCULA ACUTA, Sow, 

Very rare. Three or four examples in the shale in perf eot oondition. 

18. N. oiBBOSA, Flem, 

Common. In the limestone and shale, Bishopbriggs. 

10. N. unATA, PhiU. 

Common. In the shale. 

20. N. LUCINIV0SMI8, Phm. 

Bare. In the shale, Biahopbriggs. 

21. N. YouNQi, Ether, Ann. and Mag. Nat Hist, Series 4, VoL XYIII., 

p. 104, pLiv., figs. 11-18. 
Conmion. In the shale. 

22. SounroPBiB mivob, M'Coy. 

Very rare. A single example in the shale. 

28. ViVUS BLUFTIOA, ? PhiU. 

Very rare. A single valve. 

24. Vbkus, ? «p. 

A small species, rarely exceeding 4 of an inch in size, is common, and 
easily obtained in the shale workings; 

GASTEBOPODA. 

1. Chiton Bubbowiavu^ ? KiMy, 

Very rare. A posterior plate in the Williamwood shale. 
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2. DxNTALinif nroBHiLTUX, M*Ocy, 
y exy rue. In the shale. 

8. D. PBisouM, Oolcfifuu, 

Very rare. In the ehale. 

4. EuuMA PhtlTiTPHTAWa, DeKon, 

Common. In the ahale. 

5. EUOKFHALUB 0ABB0NASIU8, Sow. 

In the shale, and very abundant. 

6. E. FILBOPSIDKUB, PhiU. 

A single example in the WiUiamwood shale. 

7. LozoHncA oovBTBiOTA, t Mart, 

Very rare. A single example in the shale, which closely appioacfaei 
thisspeciee. 

8. L. OLATHBATULA, Towng voiSl ArmMt, 

Vezy rare. In the shale. 

9. L. Lbfebvsbi, ? Idv. 

Very rare. In the shale. 

10. L. 80ALAB0IDBA, PhSU, 

Common. In the shale. 

11. Maoboohulub aoutub, Sew. 

Common. In the shale ] small examples. 

12. M. imbbioatub, Sow, 

Rare. In the shale ; Bishopbriggs in the shale above the limestone. 

18. M. SBMI8TBIATD8, Y. and A, 
Very rare. In the shale. 

14. MUBOHISOlinA BTBIATULA, Dt Kou, 

Common. In the shale. 

15. Nacioofsib Bobbotbtonbnbib, r. and A. 

Not unoonmion. Small spedmens in the shale. 

16. N. VABiATA, Phm. 

Very rare. One or two spedmens in the shale. 

17. Plattcibab nebitoidsb, PhUL 

Very raze. A single example in the shale. 

18. PUIUBOTOICABIA Fbikotava, IH Kon, 

Very rare. A few examples in the shale. 
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19. P. KOMILIREA, PhiU. 

Common. In the aluJe and limestone ; well prewrred. 

20. P. YvAWi, Liv. 

Not oommon, «nd of mukll lize both in the limestone and shale. 

HBTEROPODA. 

1. BSUDOPHOV DB0U8BATUB, FUm. 

Bare. In the limestone and shale. 

2. B. LivuLLiAVUB, f Ik K<m. 

In the shale ; not abundant, bat in Tery fair preservation. IVof . de 
Koninnki who has examined oar specunens, is of opinion that this is a 
species distinct from the Belgian f onn« 

8. B. UuD, Fiem. 

Common. In the shale ; tolerably large. 

4. PoBcnELLDL ABXATA, Ik VemeuU, 
One eTample in the shale. 

PTEBOPODA. 

1. COHXTLABIA IBBIOULABIB, IkKcn. 

Yery rare. A fragment in the shale. 

2. C. QUIDBOULOATA, SoW. 

Bare. In the Shale. 

CEPHALOPODA. 

1. AoTurooBULB oiainnux, Sow. 

Bare; bat osoally in good' preservation, and useful for poUshed 
sections. Some of the examples have the shell eroded on one side, so as 
to show the siphuncle and chambers. A specimen in the Hunterian 
Museum measures 8 feet in length. 

2. Ctbtooibas buqosum, FUm. 

Very rare. A few fragments in the shale. 



8. 0. uvouis, Pkm. 

y «iy rare. In the shale. 

4. GoNunns btbiol^tds, PhiU. 
Vexy rare. In the shale. 

6. 6. YiaiOA, PkOL 



Very rare. One or two in the shale in indifferent preservation. 
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6. Nautilus olobatus, Sow. 

Very rare. A single example in the shale. 

7. N. N0DI7SBUS, Arma. 

A few fragments have been found in the shale. 

8. N. QUADBATUS, FletfL 

Very rare. In small pieces in the shale. 

9. Obthoosbab attenuatum, ^2em. 

Common. In the shale, in fragments. 

10. O. OVALB» PhUL 

Not uncommon. In the shale. 

U. O. BUBOXNTBA£E, De Kon. 

Bare. In the shale; in well presenred pieces, sometimes upwards 
of a foot in length, and showing the surface ornamentation. 

12. 0. UVDATUK, Flem. 

Bare. In the shale; in short fragments, but with the shell well preserved. 

PISCES. 

1. ToHODUS ooNVEXUSy Agotiiz, 

Very rare. 

2. Bhizodopsib obavulatus, Ag, 

Common. In ironstone nodules in the shale. 
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XnL—Bmarh on the Wealdkn Bobings. By D. C. Qtuss, F.G.S. 

tBmd Mh Dw., 1876.] 

I MAT preface my remarks on the Wealden boring by giving a 
short description of the vaiioua modes of conducting, and of the 
machinery used in, what miners call ''boring." The object of 
making a bore is to ascertain the presence of certain strata and 
at what depth they lie, or it may be made for the purpose of 
getting a supply of water, of oil, or of gas. When the ground 
through which the bore passes is soft, the method of working is 
with, what carpenters would call, a shell auger, worked with a 
cross handle fixed at the upper end, by manual labour. As the 
hole gets deep additional lengths of rod are screwed on to the first 
one, until the required depth is reached. Of course, during this 
process the rods and auger have to be withdrawn from time to 
time to ciear out the chamber at the lower end, which becomes 
filled with the debris from the bore, and from the inspection of 
this debrie a knowledge of the various formations through which 
the bore has passed is obtained. 

When hard substances have to be passed through, a steel chisel- 
pointed "jumper" is used, being alternately raised and dropped 
by the workmen. In this case the debris has to be removed from 
the bore by a tube fitted with a valve at the lower end, and as 
the jumper has to be worked in water, it is in the form of 
mud. Portions of the upper strata already bored sometimes fall 
into the hole, and therefore the muddy contents of the tube may 
not always be a correct indication of the substance last passed 
through. To obviate this the upper parts of the bore are often 
lined with tubing, which prevents sand, or water, or portions of 
the strata, from passing downwards. When the hole gets deep, 
and the rods consequently too heavy for hand work, a long lever 
is attached to the top end, or sometimes a steam engine is used, 
to give the proper percussion, or jumping action, to the boring 
rods. To save the time lost in continually withdrawing the rods 
from the hole, the Chinese have a plan of using a rope instead of 
stiff itods. But this is objectionable, as sometimes the hole is 
bored untrue, and if the rope breaks the heavy chisel is left in the 
bore. In this country Messrs Mather & Piatt, of Manchester, 
have made some remarkable borings by their ingenious cutter. 
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worked by a flat wire rope. An improved method of boring, 
compared with that by the chisel-jumper, is to have a tube with 
steel cutters forming a saw, which, being made to revolve, cuts 
out a solid core or cylinder of the rock When brought to the 
surface this cylinder, therefore, not only gives a true sample of 
the material through which the bore passes, but also shows the dip 
or inclination of the strata. This Gfystem has again been improved 
upon by Major Beaumont, RK, by having a steel tube, faced in 
the lower end with a number of rough unciystallized diamonds, 
which are known as " carbonite." Unlike the others, this boring tool 
ia made to revolve with its face in constant contact with the rock, 
very like the mode of working a drill or cutter used in boring iron. 
A jet of water is forced down the centre of the hollow boring 
rods, so that the face of the cutters may be kept cool, while at the 
same time the debris is carried up by the overflow to the surface. 
This drill can be worked at a speed of 250 revolutions per minute, 
with a pressure of from 400 to 800 lbs. per square inch. It will 
then bore granite and the hardest limestones, at the rate of 2 to 
3 inches, sandstone at 4 inches, and quartz at 1 inch, per minute, 
and this is the system which has been successfully applied to the 
Wealden boring. 

The above-mentioned carbonite or uncrystallized diamond, has 
of late been much used for the cutting or dressing of French burr 
millstones. This is done by fixing a diamond in a small steel 
holder, and working it in a straight slide fixed over the face of 
the stone, which the diamond cuts or scratches into a suitable 
grinding surface. Latterly carbonite has been applied to the 
dressing of sandstone ashlar. A number of diamonds are fixed 
into a block of gun-metal or steel, which is then worked with a 
reciprocating and traversing motion over the face of the stone to 
be operated on. It is expected, that when this machine is finally 
completed, it will dress from 600 to 1000 square feet per day, or 
as much as 100 to 150 men could do in the same time. 

The following are examples of deep bores and shafts. The 
Artesian well at Grenelle, near Paris, is 1798 feet in depth, the 
bore passing into the Oault. It yields 516 gallons of water per 
minute, which rises to a height of 32 feet above the surface, its 
temperature being 81^ Fahr. The well in Trafalgar Square, 
London, is 393 feet deep, and goes down to the Upper Chalk. A 
borehole made to explore the coal-measures at Creuzot in France, 
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by Herr Kind, is 920 metres, or 3029 English feet The bore at 
Sperenberg, in Prussia, 23 miles sonth of Berlin, is said to be the 
deepest in the world, having reached 4172 English feet, and cost 
£8717, or about 43s per foot The deepest coal-pit in Scotland is 
the Victoria Pit at Nitshill, where the Hurlet coal is worked. It 
is 175 fathoms, or 1050 feet in depth. The Monkwearmouth Pit, 
near Sunderland, was for many years the deepest in England — ^it 
is 300 fathoms, or 1800 feet Another pit in the same neighbour- 
hood, but lying more towards the dip of the coalfield, is a few 
fathoms deeper. The deepest pit in England now is at Dukenfield, 
near Manchester, and belongs to Mr Asdey. Its depth is 408 
fathoms, or 2446 feet, and it passes through 22 workable seams of 
coaL The deepest pits in the world are now in Belgium — ^in the 
coalfield running from Mons to Gharleroi. The shafts in several 
cases are over 760 metres, or 2460 feet ; and one shaft, at Oilly, 
near Charleroi, is 1040 metres, or 3411 feet in depth; while 
one part has reached the depth of 3489 feet. 

The Wealden formation, which is of fr^h water origin, takes its 
name from the Weald, an ancient Saxon district comprising parts 
of Kent, Surrey, and Sussex. It was first described by DrMantell 
in 1822, and lies below the Chalk and above the Oolite. It 
appears also in the Isle of Wight, but is of limited extent in 
England. On the Continent it is found in France and Belgium. 
It seems to occupy the site of an ancient estuary which received 
the clay and mud of some gigantic river, and whose waters 
carried down the remains of land plants and animals now 
entombed with those of aquatic origin. The Wealden consists of 
thick beds of sandstones, shales, limestones, and blue clays, having 
in various places septaria of argillaceous ironstone, and in the 
upper, beds of shelly fresh-water limestone, {Paindina limestone) 
known in Sussex as Petworth marble. The general appearance of 
the Wealden rocks not unfrequently resembles that of some of the 
coal-measures of the true Carboniferous period. Dr Page, in his 
excellent work, entitled ''Economic Gkology," gives the useful 
products of the Wealden formation, as follows : — 

Sands for mortar, metal moulding, and ghm making. 
Clays for tile and brick making. 
Sandstones, of fair quality, for building and pacing. 
Ironstones (day carbonate) in bands and nodules ; at one time worked 
as iron ore. 
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Shelly vuMm fPaludina), Siunex, and Petwoxth marbleg ; at one 
time much, and still oocaaionally, used for oniamental pnxposes. 

Gypsam of compact, white, and pure quality, diacovered in the Snb- 
Wealden borings of 1873 and 1874. 

The origin of the Wealden boring is, I think, in a great measure 
due to Mr Godwin-Austin, who suggested, in the Quarterly Journal 
of the Geological Society (vol. xii, p. 73), that the coal measures 
might possibly be found under London, and the south-eastern part 
of England ; his reasoning being that as coal is worked under the 
Chalk at Valenciennes in France, and has been found in recent 
sinkings towards Calais, it might extend across the Channel 
and occur under similar cretaceous rocks in the south of 
England. Sir Roderick Murchison, however, held a different 
opinion, that the strata underneath the Wealden formation would 
probably prove to be a thin band of Carboniferous lime- 
stone without any productive coal, or more probably might be 
Devonian rocks only. Since that time a bore was put down 
near Harwich to a depth of 1070 feet, but was abandoned 
when it reached a hard slatey palaeozoic rock immediately 
underlying the Gault, and which showed distinct cleavage. The 
lower members of the cretaceous series, together with the 
whole of the Jurassic and Triassic rocks, were entirely absent. 
The idea of a new boring was brought up by Mr Willett, just 
before the British Association meeting held at Brighton in 1872. 
Subscriptions towards the expense were then received, and shortly 
afterwards operations were begun. For the following facts 
relating to the history of the work itself I am indebted to the 
quarterly reports of the Sub-Wealden Exploration Committee, the 
members of which comprise some of our most eminent scientific 
men. The report issued in June, 1874, gives the following 
statistics : — 

Bored since 28th March, 1874, 829 feet. 

Greatest weekly progress, ... 86 „ 

Total depth attained, 1018 „ 

The facts represented by these figures are not readily realized. 
Every time the boring tool is lowered, more than 50 joints have to 
be accurately screwed together; the time occupied in this operation 
exceeding 90 minutes. In fact, at this depth, the boring itself 
does not take much more than half the time occupied, most watch- 
ful care and attention being needed in securing the joints. On 
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S«titrdA79 June 6, owing to the firactnie of a pin in the dntcfa, 
about 500 feet of boring rod, with the auger attached, fell to the 
bottom. It was caught on the following Monday, and drawn 560 
feet ; where, meeting with an obstruction from the falling-in of a 
side^ it resisted all efforts to extract it further. This was an 
emergency which brought out in strong relief the superiority of 
the diamond boring system over all others ; for profiting by past 
misfortune of this kind, the upper part of the auger (which has a 
diameter of nearly two inches more than the rods) had been, with 
admirable foresight^ armed with boring diamonds in order, as in 
this case, to hore upwards through any obstruction. Had it not 
been for this forethought the accident would, in all probability, 
have put an end to the work. As it was, it took nearly a fortni^t 
of steady ttpward boring before the tool could be freed. Not- 
withstanding this delay, on coming to the surface^ the auger 
was found uninjured, and contained about eight feet of core. This 
was the only mishap, and on the 18th of June, 1874, the lOOO 
feet were completed. A new boring was commenced on February 
11th, 1875, and on August 23d, Mr Willett, the energetic secretary, 
wrote : — ** With our iron boring rod we have succeeded in 
exploring one-third of a mile (1760 feet) towaids the earth's centre. 
We have, therefore, succeeded beyond our fondest expectations in 
solving the original problem, and can now state with certainty 
that * pal»o£oic rocks do not exist ' at a depth variously estimated 
at from 700 to 1700 feet From 1670 to 1750 feet the strata are 
shattered and very soft^ greatly retarding the operation, and 
seriously imperilling our prospects of attaining a much greater 
depth. You must be prepared, therefore, for the announcement 
that the work is brought to a close. The last cores, though not 
exceeding one inch in diameter, have abundant traces of extinct 
life, Linguki, Thraeia, Cardium, and Ammomtes.'' 

Since this paper was written, the second borehole has been 
prosecuted, in spite of many difficulties, to the depth of 1903 feet. 
The details of the strata are given in the accompanying section. 
The various formations passed through have been arranged as 
follows by Mr W. Topley, F.G.S. The first 200 feet are Purbeck 
beds, then 57 feet of Portland beds, 1512 feet Kimmeridge day, 
17 feet Coralline OoUte, and 117 feet, possibly of Oxford day. 
The object of the boring has not therefore been accomplished, 
which was to reach the Palasozoic rocks. 



Digitized by 



Google 



GLEN-^ON THE WBALDEN BORINGS. 267 

The discovery of thick beds of vaJuable Gypsum (which are now 
being worked for commercial purposes)^ has perhaps been the most 

profitable result gained from this, the first bore for purely 
scientific purposes which has ever been put down in England, 

Section of Strata at Sub-Wealden Exploration Boring 

AT NeTHBRFIELD, NEAR BaTTLS, SuSSEX. 

ThickneaB of Depth from 

DwGEiPTiov 07 Strati. Strata. Surfatfi. 

Surface, 16 0, 

Soft Shale, 10 

Blue LimeBtone, 16 

Galoareons Shale, 6 

Blue limestone, 10 

CalcareoQB Shale, 10 

Soft Shale, • 8 

LimeBtone, 16 

Calcareous Shale, 6 

Strong Shale, 8 

Calcareons Shale, 10 

Bine Limestone, 2 6 

Calcareous Shale, 10 

Strong Shale, 6 

Blue Limestone, 2 

Shale, 6 

Hard Limestone, 16 

Limestone Soft Shale, 8 

' Shale, 6 

Calcareous Shale, 10 

Shale, - • 7 

Blue Limestone, 10 

Strong Shale, 6 8 

Compact Blue Limestone, 18 

Sttong Shale, 6 9 

Calcareous Shale, 2 6 

Strong Shale, 6 2 

Limestone, 1 

Strong Shale, 6 

Compact Hard Shale, 7 

Calcareous Shale, ...... 24 

Hard Limestone, 8 

Hard Blue Shale, 6 6 

Blue Limestone, 10 

Dark Blue Shale, 6 6 

Shaley Limestone with thin veins of broken 

Gypsum, 4 127 



FT. 


or. 


16 





17 





18 


6 


24 


6 


26 


6 


26 


6 


29 


6 


81 





81 


6 


84 


6 


86 


6 


88 





89 





46 





47 





47 


6 


49 





67 





62 





68 





70 





71 





77 


8 


78 


6 


86 


8 


87 


9 


98 11 


94 





99 





106 





108 


4 


109 





116 


6 


116 


6 


128 
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Tbkkatmat, Depth from 

DncnuptiOH or 8iftAi!A. Stnta. 

FT. 

iDpun Oyptum, ...... 5 

Limestone and Gypsom, .... i 

Bhaley Gypeom, 2 

Gypsum in CiysUls— reins in Slude, - - 7 

Gypsom in veins and nodnles, ... 8 

Gypsom with veins of Limestone, - • - 1 

Strong Shale with veins of Gypsom, 

Strong Shftle and nodules of Gypsom, 4 

Gypsom more or leas pore, .... 7 

Starong Shale with Gypsom, .... 8 
Gypsom nearly pore with veins of Cailxmaie 

olUme^ i 

Cavity, 4 

Limestone and Flint, 4 

Soft Shaley Sandstone and nodoles of Lime- 
stone and Flint, 18 

Soft sandy Shale, 7 

Soft whitish Sandstone, 62 

Soft Sandstone darker in colour, ... 5 

Sandy Shale, 17 

Kimmeridge Clay, 154 

Kimmeridge Clay more solid and compact, 44 

Kimmeridge Clay much softer, - - • 23 

Kimmeridge Clay more solid and compact, • 26 
Kimmeridge Clay with traces of Carbonate of 

Lime, 20 

Kimmeridge Clay dark brown with veins of 

Jet at 650' 0" 66 

Brown Limestone, 1 

Kimmeridge Clay, 8 

Brown Limestone, 

Kimmeridge Clay, 27 

Kimmeridge Clay with veins of Carbonate of 

Lime, 40 

Kimmeridge Clay very Limey, - - - 21 
Kimmeridge Clay and veins of Carbonate of 

Lime darker and foil of fossil^ 24 
Kimmeridge Clay and vans of Carbonate of 

Lime, 57 

Kimmeridge Clay, 19 

Kimmeridge Clay with veins of Carbonate of 

Lime, 10 

Kimmeridge Clay, 72 

Kimmeridge Clay and hard bands of Lime- 
stone, very soft place at 922' 0*, • - 57 939 



n. 


FT. 


m. 





138 








184 





8 


186 


3 


6 


148 


9 


6 


147 


8 





148 


8 


6 


148 


9 


8 


153 





9 


160 


9 


3 


164 





4 


168 


4 





172 


4 


4 


176 


8 





192 


8 


4 


200 








252 








257 








274 








428 








472 








495 








521 








541 








607 





6 


608 


6 





611 


6 


6 


612 








689 








679 








700 








724 








781 








800 








810 








882 
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ThickneaBof 

DncRipnoH OP Steata. Strata. 

FT. nr. 

Kimmeridge Clay, 16 

Oxford Clay with veins of Carbonate of Lime, 28 

Oxford Clay, hard and rather more Limey, - 9 
Sandstone veiy soft and veins of Carbonate of 

Lime, 12 

Sandstone rather Shaley and very fnll of 

fossils, - - 41 

Sandy Shale veiy full of slips, ... 20 

Sandy Shale more solid and compact, - - 17 

Sandy Shale and nodules of Limestone, - - ' 28 

Shaley Sandstone, 87 

Sandstone very Shaley, 8 

Shaley Limestone, 27 

Light blue Limestone, 4 

Shaley Limestone, - r - - - - 14 

Calcareous Shale, 28 

Calcareous Shale more free from Sand, - 26 

Very Clayey Shale like Oxford Clay, 19 

Calcareous Shale, 21 6 

Soft dark gritty Limestone, • • - • 28 6 

Calcareous Shale, 20 

Friable Calcareous Grit, - - - 17 
Soft Calcareous Grit with bands of hard Lime- 
stone, 24 

Calcareous Sandstone, 4 

Blue Limestone changing into Shale, • 27 

Strong blue Shale with few foaails, • - - 19 

Strong blue Shale, 4 

Calcareous Sandstone, 10 

Calcareous Shale, 36 

Blue Shale, very few foBsils, - - - - 11 
Blue Shale with traces of Encrinites and other 

fossils, 87 

Calcareous Shale with hard bands of Lime- 
stone, 88 

Light blue Limestone, 10 . 

Calcareous Shale and fossils, .... 90 

Calcareous Shale with hard Limestone, • • 27 
Very soft dark Shale containing a great many 

fossils, 59 

Strong dark Shale, 12 

Hard grey Limestone, 16 

Do. 10 

Dark Sandy Shale, 26 

DarkShalfl, 12 « 

S 



Depth fram 
BorfMe. 



PT. 


or. 


965 





983 





992 





1004 





1045 





1047 





1064 





1092 





1129 





1187 





1164 





1168 





1182 





1210 





1236 





1255 





1276 


6 


1305 





1325 





1342 





1366 





1370 





1897 





1416 





1420 





1430 





1466 





1477 





1564 





1652 





1662 





1671 





1698 





1757 





1769 





1785 





1786 





1812 





1824 


6 
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TUeknesB of Depth from 

DflBCBiFTiOH OP Strata. Starata. Bnittoe. 

VT. IH. FT. or. 

Soft Shale, 36 6 1861 

Shale^ 10 1871 

Limestozie, 16 1887 

Hard dark Shale, 7 1894 

Dark Shale, 9 1903 



y^T — ^Remarks upon the Bed of Dolertte which crtmes 
Renfrewshire to the east of Paisley. By Bobert 
Craig, corresponding member. 

[Bead 13th January, 1876.] 

In carrying out certain geological investigations in Senfrewshire 
some years ago, I became acquainted with a dolerite bed, crossing 
the county nearly from south to north, on the east of Paisley, and 
which is worked as a surface section at Seedhills. Its thickness 
there is about 22 feet, varying, so far as has been ascertained, 
from 22 feet to 25 feet. Where not exposed to atmospheric 
action it is a hard, pure dolerite, splitting with a straight, smooth 
surface, which makes it very suitable for paving-stones. It is a 
bed, and not a dyke; the dip being generally to the south-east, and 
corresponding with that of the adjacent strata; at Seedhills it is 8 
degree&* Its strike, as already mentioned, is usually nearly north 
and south, with a slight bearing to the east; but still is very 
irregular, running with ragged edges, sometimes jutting out, as at 
Seedhills, from 100 to 200 yards to the west, and at other times 
withdrawing within the main line to the east, as it appears to do 
north of Arkleston farm-house. At present I have not discovered 
its true horizon in the Carboniferous strata, but I will put it down, 
provisionally, above the main limestone and below the clayband 
ironstone of the Possil series. At one time I was inclined to place 
it below the main limestone, as I thought that the Blackball 
limestone, which lies about 60 feet above it, was an upthrow of 
the main bed, but further search does not bear out that opinion. 
A bore put down at Saucel, a little to the west of the outcrop 

* Not 88** as stated in a paper on the glacial deposits of Renfrewshire;, and 
which was pnblished in tfafe Society's Transactions, Vol iv., page 140. 
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of this bed at Seedhills, has shown the following strata underlying 
the dolerite. Hard amorphous sandstone, upon which the dolerite 
rests, about 40 feet thick : no correct journal of this part of the 
bore was kept, and it is probable that the sandstone is broken by 
beds of shale. Below the sandstone, 24 fathoms of fireclay with 
ironstone balls; then 10^ fathoms of shales, interbedded with 
hard flaggy sandstones or '' faikes/' Some of these beds are hard, 
others soft, with intervening beds of argillaceous shale — the 
^'blaes'* of the borer. Next, a series of limestone beds and 
calcareous shale, 14 fathoms thick, different from any strata gone 
through in the west of the central valley or in the north of 
Ayrshire, so far as I know. After passing through 4 fathoms of 
thin-bedded limestones and calcareous shales, varying from 6 inches 
to 5 feet thick, the bore went through the following : — 

FT. nr. 

Hard limeetone, good, .... 9 2 

CalcareouB shale, 16 

LimeBtone, good, 7 11 

GalcaroouB shale, 2 6 

Limestone, good, 4 4 

Calcareous shale, 9 4 

limestone, good, 7 

Calcareous shale, 2 8 

Limestone, good, -12 

Calcareous shale, 6 

Limestone^ good, 10 

Argillaceotis shale, 4 4 

Limestone, 2 8 

64 11 

I was at first inclined to put these down amongst the caldferous 
strata, thinking that they might be the equivalents of some of the 
limestones found in this group on the east side of the central 
valley. But I am now of opinion that this great thickness of lime- 
stone belongs to the lower limestone series, and probably lies 
above the main post and coal, of the Howwood, Duntocher, Campsie, 
and Hurlet horizon, which has not been bored to at this point. We 
have, however, nothing corresponding to these limestone strata in 
the above districts. A similar series exists in the north of 
Ayrshire, in the neighbourhood of Beith, but, except in this 
particular, there is no resemblance between the strata of the two 
districts. Whatever the position, the basin containing this 
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thicknefis of limestone is of small extent, as three bores put down 
along the outcrop of the dolerite to the north of Paisley, on the 
farm of Gallowhill, did not find it. According to these, the 
dolerite rests, along this line, upon a series of thick-bedded shales, 
fire-clays, and sandstones, which have been bored into for a depth 
of more than 30 fathoms. Accepting these beds as overlying the 
main limestone, I have thus provisionally placed the dolerite, as 
stated, somewhere between it and the clayband ironstone strata. 

With these explanations, and returning to the quarry at Seed- 
hills as the starting point, I will endeavour to trace the dolerite 
bed, noticing the openings in it as we go along. It has here been 
extensively quarried, being cut into from west to east, across the 
strike, for about 150 yards. It is here, as elsewhere along this tract 
of country, a surface stratum, although deeply covered by a deposit 
of boulder clay, andhas been long worked for paving-stonesand other 
road-making purposes. A ridge of inferior stone passes through the 
centre of the quarry, running north and south ; but is of no great 
geological value, further than that it causes a small anticlinal, which 
has preserved two very interesting sets of glacial striae. Leaving 
Seedhills, and following the dolerite bed towards the south, the 
strike is found for a short distance to have a south by east direc- 
tion, but here the ground is so built over that its traces are lost. 
After leaving the houses and gardens, the practised eye soon picks 
up its course, and, following what in appearance is a wavy ridge, 
finds the bed again laid bare as it crosses the Cart, near Blackball 
printfield. On the south side of the river the water has laid bare 
about two poles of the dolerite, and it is here seen to be lying at a 
greater inclination to east by south of 15°, which is the direction 
and dip of the strata in connection. From its outcrop on the south 
bank of the Cart the strike is in a direction south by west» the 
edge of the dolerite rising from 20 to 30 feet above the level of 
the surrounding country, and dipping to the south-east at an angle 
of 20^ On the south bank of the river is seen, overlying the 
dolerite, about 60 feet of shale, with thin bands of clay ironstone, 
one of them being 6 inches thick. Over the shale lies the Blackball 
limestone, 4 feet thick, in three thin beds, which have been worked 
at this place. 

Along the west side of the dolerite strike there is a deep cutting 
which puzzled me considerably for some time, and which I may 
explain for the benefit of those members who may visit the locality. 
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It is a loug narrow gully, beginning on the west side of the 
dolerite outcrop near the Cart, and continuing in the same direction 
as the outcrop, across a field where the dolerite rises high above 
the surface. It crosses the Blackball Eoad, and is seen following 
the dolerite across Dikebar Hill, the strike having here turned 
southward. I saw from the first that it was artificial, having the 
appearance of a heavy railway cutting, but no one could give me 
any information about it. At last I was directed to two old men 
living in the vicinity, and they supplied the missing link. An 
outlier of the Blackball limestone had run along the west side of 
the dolerite in a long narrow stripe, and had been taken out by 
my aged informants' father above sixty years ago. This informa- 
tion was interesting as testifying to the fact that the dolerite, 
which is not again seen as a surface stratum, continues along 
Dikebar Hill, having been found along the east side of the lime- 
stone outlier when it was excavated. From the direction of the 
gully the dolerite strike turns to the south-west ; and, although I 
have not seen the connection, not having examined it very 
minutely, I have no doubt there is a connection with the north- 
east end of the Glenifer range, which is not far distant Over- 
lying the dolerite at Blackball there are about 6 feet of strata not 
found at Seedhills, consisting of thin beds of anamesite, a few 
inches thick, and intercalated ash, much fired and indurated. At 
one place above the true dolerite, and resting upon it, is a layer 4 
inches thick, resembling a miniature bed of columnar basalt, but 
very much burnt. 

Betuming to Seedhills, and continuing northwards, the strike 
has a north-east direction till near the Arkleston tunnel, where it 
turns more to the north. At the tunnel the dolerite becomes a 
surface bed, and rises with an escarpment about 30 feet above the 
ground level to the west of it. The dip here is to the south-east, 
at an angle oi 5^ and the thick^iess of the bed, which csfl^ easily, be 
obtained at present, is 24 feet. Thie railway at the west end of 
the tunnel cuts into the underlying strata about 18 feet, consisting 
of the hard black indurated shale or nondescript beds formerly 
mentioned, found on the farm of Gallowhill. The coarse hard sand- 
stone found at Seedhills does not extend here. From the tunnel the 
dolerite bed is seen extending towards Arkleston House, the strike 
being north by east, and still rising above the land surface with an 
escarpment of 30 feet. It passes on in the same direction, cropping 
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oat on the west side of the powder-house, which, as well as Arkleston 
House, is founded upon it. North of the powder-house it has been 
extensively quarried for road-making purposes. It then takes a 
bend nearly north-east, and continues for half^a-mile, easily trace- 
able by the practised eye as a continuance of the Arkleston 
escarpment, although it makes no surface appearance, and the 
land is under cultivation. From this point we lose all trace of 
the bed untilwe reach Elderslie House, which is founded upon it 
It then crosses the park between the house and the Clyde, 
in the bed of which it appears, as is known to all Glasgow 
geologists and others interested in the river. 

By a letter from Mr Deas, engineer to the Clyde Trust, I learn 
that the dolerite bed occupies the channel of the stream for about 
300 yards in length, thus proving that it is lying at a very small 
angle of inclination, probably not more than two or three degrees. 
Had it passed at the same angle as it has when crossing the Cart 
at Blackball, it would not have obstructed the course of the Clyde 
for more than 40 yards, or even less, and would have saved a vast 
amount of labour and expense in its removal Mr Deas also 
remarks that its upper surface in the river is 16 feet below high 
water mark, showing that from Elderslie House the dip is nearly 
north, while the inclination is apparently regular at about 5"*. 
Passing to the north bank of the Clyde, I failed to find any 
surface appearance of the dolerite bed, but was told that it 
extended northward, passing to the west of Blawarthill farm-house. 
The tenant here was my informant, and he also told me that the 
Clyde Trust had put down three bores on his farm, at regular 
distances, extending northward from the river. The bed was 
found in all the bores, but each bore proceeding north was deeper 
than the previous one. As the surface land lies nearly level where 
these bores were put down, there is clear proof that the dip 
continues in the same direction. As the farmer saw the bores put 
down, and was paid damages by the Clyde Trust for the use of 
his ground, I consider his evidence perfectly trustworthy, especially 
as it quite agrees with what we know of the regular dip north, on 
the south side of the river. I could not ascertain the exact depth 
of the bores, but the most northerly one was said to be about 50 
feet. It must not be inferred that the dolerite bed is such a 
depth below high water mark at this point. From the rise of the 
land near the Clyde, I think the upper surface of the bed, 
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about one mile north of the river, is not more than 25 to 30 
feet below high water mark. After this all trace of it is lost ; 
but I must admit that the search has not been carried on very 
vigorously, and I have little doubt that a more exhaustive in- 
vestigation will be rewarded by its discovery farther to the 
north. There is one very significant feature in a belt of country 
where the strike and outcrop of the dolerite bed should occur, 
which is the absence of pits. The same occurs in the line of 
country between Paisley and Senfrew. No pits are there to be 
found on either side of the bed, for the reason that the Lower 
Carboniferous strata are thrown up and the ironstone is thrown 
off. Whether this applies to the north side remains to be seen. 

In bringing these remarks to a conclusion, I may state that I 
had intended to notice a few more jof the lava flows to be found in 
Benfrewshire, and which prove that active volcanoes existed, 
probably in some part of the Gleniffer hills, during the Carbonifer- 
ous period. At present, however, I will only mention one other 
dolerite bed, that which crosses from the Gleniffer range, and passes 
the village of Sclates, three miles west of Paisley, near which place it 
was quarried a few years ago. Thence it runs in a north-east 
direction, passing near Paisley race-course. Its horizon, so far as 
I have learned, is almost the same as that of the subject of my 
paper. Another extensive overflow is found overlying the 
Quarrelton and HallhiU coal, and extends from near the village of 
Elderslie almost to Howwood, with a strike nearly east and west. 
At one place it was found to be above 300 feet thick, while at Hall- 
hiU, near its western extremity, its thickness is 80 feet This ped 
does not extend very far northwards. From one to two miles 
from the Gleniffer hiUs, with which it appears to have a con- 
nection, is its present known extremity. Other beds of small 
dimensions are found intrusive in the Carboniferous strata in 
the same locality. 
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[Abstract.] 

XXL^Becent Researches itUo the History of the Deposits \ 

known as Old Bed Sandstone. By Pro£ Geikie, F.KS., etc. ' 

(Smd Sith Jftonaiy, 1876L] | 

After a preUminary outline of our present knowledge on the ' 

subject. Prof. Geikie proceeded to consider the developinent of the , 

Old Bed Sandstone in th^ British Isles under its accepted three- \ 

fold division into Lower, Middle, and Upper. The Lower member, 
wherever its true base can be seen, is found to pass down conform- 
ably into the Upper Silurian rocks. But a well-marked line of 
demarcation, both by physical characters and fossil evidence, runs 
between the two systems. The Silurian formations continue 
replete with organic remains up to their uppermost zone ; but on 
entering the red strata of the overlying sjrstem we meet with a 
remarkably abrupt change, for the fossils almost wholly disappear, 
and those which occur belong for the most part to fishes and 
crustaceans. The author pointed out the geological evidence in 
favour of great terrestrial oscillations, as explained by Prof. 
Bamsay, whereby the bed of the Silurian sea in our area came to 
be raised into land with wide lakes and inland seas. He showed 
that the beginnings of the movements which led to those results 
could be traced back a considerable way into the Silurian period, 
that over large tracts the Silurian deposits had been upraised 
bdTore the close of that period, and that the oscillations continued 
during the accumulation of the Lower Old Bed Sandstone, as 
indicated by the coarse conglomerates, the great mass of the 
d^o^, atfd the unconformabilities traceable in them. Becent 
detailed work of the Geological Survey has brought to light the 
fact that tlus lower division of the Old Bed Sandstone attains an 
almost incredible thickness. In Lanarkshire and Ayrshire Mr 
B. N. Peach has found it to measure 15,000 feet In Perthshire, 
from the combined surveys of Mr Peach and Mr B. L. Jack, it 
has been ascertained to reach a depth of more than 19,000 feet. 
But the author has found that traced eastward into Forfarshire 
and Kincardineshire, its thickness rises above 20,000 feet And 
yet in no case is its top actually seen, since it has either been 
removed by denudation, or buried under some more recent uncon- 



Digitized by 



Google 



GKIKIE— ON THE OLD RED SANDSTONE. 277 

formable fonnation. Nor is its base to be found, since along the 
flank of the Grampians a great fault runs from the North Sea at 
Stonehaven to the estuary of the Clyde, with the eflfect of throwing 
the strata of the Old Eed Sandstone on end, sometimes for a 
distance of two miles from the line of the dislocation. The 
amount of displacement must be in some places not less than 5,000 
feet, as indicated by the position of occasional outliers of con- 
glomerate on the Highland side of the fault. One of the most 
striking features in the formation is the enormous development of 
its contemporaneous volcanic rocks. These are underlaid in 
Kincardineshire by about 5,000 fbet of sandstones and shales, and 
they pass under the grey flags and conglomerates of Forfar and 
an upper series of red and purple sandstones. They consist of 
thick sheets of various porphyries with beds of tuff and enormous 
masses of coarse volcanic conglomerates. Zones of grey flagstones, 
including the well-known beds of Carmylie near Arbroath, are 
intercalcated in them. In the Ochil Hills, according to the 
measurements of Mr B. N. Peach, this volcanic zone reaches a 
depth of not less than 6,500 feet. It runs from the sea-coast at 
Dunottar, through the chain of the Sidlaw and Ochil Hills, to 
near Stirling. It reappears south of the Forth, in the Pentland 
chain, and stretches south-westwards in great force across Lanark- 
shire and Ayrshire. The author then alluded to the fossils 
hitherto noticed in this part of the Old Eed Sandstone in different 
parts of Britain, pointing out the contrast they present to those of 
the preceding Silurian rocks. He showed that in Forfarshire the 
well-known crustaceans and fishes had been obtained from strata, 
lying, not as hitherto supposed at the base of the system, but 
several thousand feet higher, and that the fish-bed found by Mr 
Mitchell in Kincardineshire, and supposed by Sir Boderick 
Murchison to indicate from its Acanthodian forms an approach to 
the middle Old Eed Sandstone, really lay below the position of 
the Turin flagstones so well explored by Mr Powrie. 

The so-called "Middle" Old Eed Sandstone is not known 
certainly to exist anywhere else in Britain than in the north of 
Scotland. This subdivision was introduced by Sir R Murchison, 
and is based wholly on the evidence from fossils. It presents a 
remarkably distinct series of ichthyolites, which have not been 
met with in the Lower Old Eed Sandstone of the south, and which 
have therefore been held to mark a higher series of deposits. The 
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''Middle " Old Bed Sandstone is typically developed in the well- 
known flags of Caithness. Those strata^ long since described by 
Sedgwick and Mujrchison, cover nearly the whole of that county, 
and stretch into the Orkney and Shetland Islands. The author 
had measured a section of these on the east coast of Caithness 
more than 8,000 feet in thickness. They show conglomerates and 
red sandstones at the base, and similar strata reappear on different 
higher horizons. But on the whole, the series consists of dark- 
grey, hard, fine-grained flagstones, sometimes bituminous, often 
calcareous, and frequently abounding in remains of fishes, ento- 
mostraca, and land-plants. No evidence of contemporaneous 
volcanic action has yet been met with in these rocks. The general 
character of the whole series differs in many respects from that of 
the Old Eed Sandstone on the south side of the Grampians, and 
appears to indicate widely different conditions of deposit The 
basins in which the Caithness flags and the Arbroath flags 
accumulated, were separated by the intervening mass of the 
Invemess-fihire and Aberdeenshire highlands, as shown by the 
basement conglomerates on each side of the mountains. The 
author then dwelt on the fossil evidence and its bearinga He 
suggested that it could not be held to prove a '* Middle" series, 
and that it was not inconsistent with the idea that the Caithness 
flags really belonged to the Lower Old Sed Sandstone, the 
peculiarities of their fauna not being greater than might be due 
to great differences of physical geography, and to the fact that the 
respective areas of deposit were isolated from each other. He 
further pointed out that some of the most characteristic forms of 
the lower group occur in the Caithness and Orkney beds, e.^., 
Farexus and Pterygotus, The Caithness flags abound in land-plants 
like SigiUaria^ L^ndodendron, and some of the peculiar Devonian 
forms found by Dr Dawson in Gasp6. Some of these latter forms 
have recently been detected by Mr R L. Jack in the course of 
the work of the Oeological Survey in Perthshira 

The red and yellow sandstones, red clays, and red conglomerates 
and breccias, included under the term '' Upper Old Bed Sand- 
stone," are copiously developed in Wales, in Ireland, and in the 
south of Scotland. In the two last-named regions they have been 
shown to lie unconformably on all older formations, there being a 
complete physical discordance, and an entire difference in organic 
contents^ between these strata and the Lower Old Bed Sandstone. 
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In South Wales a less marked break in the series may be suspected 
from the cautious descriptions given by Sir Henry De la Becha 
In the north of Scotland Sir R Murchison has described the 
Upper as graduating downwards into the Middle or Caithness 
flags. In Caithness itself, however, and in Orkney, they are 
completely discordant, and the same relation may be inferred to 
hold elsewhere. This uppermost member thus bears the same 
relation to the Caithness flags as to the Arbroath flags. Wherever 
the top of the series can be seen, it is found to pass gradually and 
conformably into the base of the Carboniferous system. So 
thoroughly do those two series of deposits dovetail with each other 
that no sharp line can be drawn between them. If we work our 
way into the red rocks from the Carboniferous side, we may claim 
them as merely the base of the Carboniferous system. If we 
approach them from the side of the Old Eed Sandstone, we may 
well regard them as a late and unconformable sub-division of this 
system. 

The author next adverted to the fossils peculiar to the Upper 
Old Bed Sandstone, calling attention to the continuance of land- 
plants and ganoid fishes as characteristic Old Bed Sandstone 
features. He then, in conclusion, pointed out the physical 
geography which appears to be indicated by the deposits of this 
period. It is still possible to map out some of the terrestrial and 
lacustrine areas which then marked the site of Britain. Hill- 
ranges, still in existence, formed prominent features in the land- 
scapes of that time, though with many difierences of outline ; in 
particular, with water-filled bays, straits, long fjord-like inlets and 
scattered lakes, which have been filled up with sandstones, con- 
glomerates, and breccias. The red stain of these deposits, 
occasional pseudomorphs of rock-salt and layers of gypsum, 
combined with ripple-marks and sun-cracks seem, as Prof. Bamsay 
has suggested, to indicate the concentration of the saline waters 
which filled these basins ; while further evidence of the unwhole- 
some nature of the water may be indicated by the general paucity 
of fossils in the strata, and by the immense numbers of well- 
preserved fishes which are sometimes met with crowded into a 
small space, as if they had come from fresher water elsewhere, and 
had been inclosed and killed in scattered pools. The peculiar 
breccias and brecciated conglomerates of the Upper Old Bed 
Sandstone have been compared to some recent glacial deposits, 
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and the resemblance has been pointed out between the form of 
the stones in these deposits and those in common bouldei^^y. 
It should be noted also that in many cases these breccias occur in 
old valleys, and bear many of the characters of yalley-morames. 
Such are those to the east of Ullswatery and those which flank, 
and in some places penetrate the Lammermuir Hills. In the 
latter district worn dome-shaped bosses of rock underlying the 
breccias recall the aspect of true roches movJUmnies, Another 
glacial feature is suggested by the basin-shaped hollows (apparently 
sometimes true rock basins) in which the deposits lie. Further 
indications of ice are given by the remarkable patches of angular 
and rounded stones scattered through the red sandstones of Arran, 
the occurrence and position of which may be accounted for on the 
supposition that they are portions of shore-gravel, which have been 
frozen and transported in cakes of floating-ice. 

Indications of terrestrial disturbance during the accumulation of 
the Upper Old Eed Sandstone in Scotland are furnished by the 
Lammermuir Hills. At the close of the period, and thence 
through the deposition of the Lower Carboniferous rocks, volcanic 
action, which seems to have been quiescent for a long interval, 
broke out again over the south of Scotland. To this period 
belongs the chain of old lavas and tufis ivhich may be traced from 
the mouth of the Nith eastwards by Langholm and the Tanas 
Water to the head of the Slitrig Valley, and through the plain of 
'the Tweed as far northwards as the Whiteadder. The Garlton 
Hills, Campsie Fells, and the ranges of hills which run down 
Benfrewshire and the north-east of Ayrshire, and are prolonged 
into Bute, the Cumbrays, and Arran, mark a prolonged series of 
volcanic eruptions during this same epoch. Traces of contem- 
poraneous volcanic action occur likewise in the Upper Old Bed 
Sandstone of the north of Scotland, and form a remarkable 
feature in the cliffs of Hoy, one of the Ockney Islands. 

The author brought forward evidence to show that while the 
Upper Old Bed Sandstone was being deposited in the British area, 
there existed outside that area a sea in which some of the 
characteristic corals, brachiopods, and other organisms of the time 
of the Carboniferous Limestone, already existed. He pointed out 
the intercalation of limestone bands in the red sandstone series in 
Arran and elsewhere, a long way below the base of the cement- 
stone group which underlies the Carboniferous Limestone. These 
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calcareous bands, full of species of fossils which aie familiar in the 
Carboniferous Limestone, seem to indicate that while, on the whole, 
the Upper Old Red Sandstone, and the red strata at the base of 
the Carboniferous system, were deposited under conditions un- 
favourable to the presence of at least corals, crinoids, and molluscs, 
their formation was interrupted by intervals during which clearer 
and less saline water prevailed, perhaps owing to the removal of 
barriers which allowed the access of the main ocean, with its 
animal forms, into the closed lagoons and inland seas of the 
Upper Old Sed Sandstone. 



XXII.— Notes m a Post-tertiary Deposti of Shell-bearing 
Clay on the west side of the Railway Tunnel AT <Arkleston, 
NEAR Paisley. By David Robertson, F.L,S., F.G.S. 

[BeAd 9th Ifarch, 1876.} 

This deposit was first brought under my notice by my friend, Mr 
Robert Craig of Beith, who has already described its physical 
features at a recent meeting of the Society. I need not, therefore, 
take up time in going over that which was so well done, further 
than by stating a few of the general facts necessary to elucidate 
what I have to say. The shell-bearing deposit is about 40 feet 
above sea-level, and lies in the same relative position to the 
boulder-clay and upper drifts as it generally does throughout 
Scotland. In this case the area of the exposed shell bed is over- 
laid by a foot or two of sandy mould. Mr Craig thinks that the 
sand and gravel at this point had been removed at some former 
time for economic purposes, as on the south side of the railway, 
abutting on the rock of the tunnel, is a bed of fine sand, 10 feet 
thick, which again is overlaid by a bed of gravel nearly of the 
same depth. Both these beds are laminated, but I have not found 
shells in either. This, however, is but negative, and furnishes 
little proof against the former presence of shells, as clean sand is 
a bad preservative of fossil remains, unless indeed it is im- 
pregnated with foreign matter, such as lime or iron. It may be^ 
remarked that the sands and gravels, which involve considerations 
of much intricacy, are not peculiar to this deposit, in which they 
are confined to a small area thinning off towards the north, but 
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are generaUy found to a greater-or lesser extent overlying all onr 
post-tertiary cla3rs. Whatever the agencies that have laid them 
down in the order we now find them, or whatever their soorce, 
they represent an enormous amount of tear and wear of the earth's 
surface. For we must bear in mind that quartz sand, such as is 
to be found here, is but a fraction of the great bulk of which it 
once formed a part» having withstood the excessive trituration 
which ground the less hard portions into impalpable mud, and 
from which it has been separated by the action of water. This is 
all the more obvious when we consider how very small the 
proportion of quartz rock is, compared with the other rocks of our 
country. The shell-bearing clay here is sandy, and more or less 
distinctly laminated, following in a great measure, so far as I could 
see, the incline of the trough in which it rests, and without doubt 
belonging to the shell-bearing clays of the Clyde district. The shells 
found in it are all marine, and are generally in a fair state of 
preservation ; for though much broken, and in some cases eroded, 
they are not water-worn. On very slight examination it wUl be 
found that they are of a mixed character, that is, they belong to 
shallow as well as to deeper water, though the prevailing shells are 
littoral, such as LiUorina lUtarea, L. obiusaia, and MytiUus edule, 
together with GoralUna officinalis, a seaweed confined exclusively to 
the littoral zone, or shallow water. This littoral character is 
further borne out by the crustacean ostracods, especially by the 
excessive abundance of the species Cytherura nigreacens. Though 
frequently found in greater depths, even to 50 fathoms, yet 
between high and low water mark is the habitat of this species, 
and there only is it met with in profusion. There is another 
littoral species belonging to the same order, C, castanea, which 
is moderately common and in good condition in this deposit, but 
therefore the more remarkable, as, on the authority of Mr Brady 
in his monograph on Becent British Ostracoda, it is chiefly an 
inhabitant of the brackish water of estuaries and salt-marshes. It 
is found in great abundance and in beautiful condition in brackish 
lagoons skirting the bay of Westport in Ireland. It is also met 
with, under apparently purely marine conditions, in the Firth of 
Clyde, where it occurred in 15 gatherings out of 40, at depths of 
from 1 to 26 fathoms. But these were mostly in lochs, or in other 
places where fresh water might have an influence, and it prevaik 
most where that influence is most decided. There are here a few 
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other species of shells, common both to brackish and fresh-water 
conditions, but there is undoubtedly a great preponderance of 
purely marine speciea It cannot, therefore, be admitted to be a 
brackish water deposit ; but it is possible that at some time or 
other brackish water conditions may have existed for a time, or 
the brackish living species may have been derived from some 
adjoining localities favourable to their existence. The littoral 
mollusca are found nearly from the top to the bottom of the 
deposit^ but are most abundant in layers at various distances. 
The deeper water shells, which include Arctic species, as Peden 
Islandicus and Tdlina calcaria, appear to lie between the boulder-clay 
and the clay containing the littoral shells. This was most clearly 
seen dose to the boulder-clay, near where it crops out on the north 
bank of the railway. Unfortunately, at the time of my visit the 
cutting was so disposed that I could not examine the lower layers 
containing the Arctic shells along the deepest part of the section, 
in order to see whether they continuously contained shells whose 
natural habitat is at greater depths than those that overlie them. 
Although this could not be seen satisfactorily, yet, when we know 
that the exposed portion of the upper deposit is crowded with 
littoral shells, it becomes evident that the two sets of shells 
belong to different deposits, and that those of the deep and those 
of the shallow water lived st different periods, and that between 
each period the land and water held different relations. It may 
be suggested that the deep water shells, which are comparatively 
few and fragmentary, may have been thrown up from deeper 
water. In answer to this, it must be remembered that, although 
much broken, these shells are not water-worn, nor are the 
fractured edges in any way abraded, and many of them still retain 
the epidermis, from all which we may reasonably infer that they 
lived and died where they are found. That odd shells from the 
older deposit may be found washed up amongst the littoral 
forms is only what we might expect, and that there lAay be a 
partial mixing at the line of junction is just as likely ; but such 
things in no way interfere with the main facts of the case. 
The question comes up. Was the elevation of the land slow and 
gradual ? In that case we would expect to find littoral shells 
spread over the whole of the post-tertiary clays of Scotland ; yet, 
although we make allowance for the enormous work of denudation, 
there appears to be no good evidence that such was the case. On 



Digitized by 



Google 



284 TRANSAOTIONS OF THE GEOLOGICAL SOC. OF GLASGOW. 

the other hand, that the elevation was more or less spasmodic we 
have good ground for supposing, from numerous old sea beaches 
in our own neighbourhood. Many of these appear to have been 
determined from tracks of abrasion (independently of proof from 
fossil remains), which leaves doubt in many cases whether these 
terraces were formed in lake margins or cut along old coast lines 
by littoral waves, or by some other agencies that rounded off hill 
tops, planed and groved mountain sides, and cut long deep troughs 
in the hardest rocks , but in those belts of littoral shells there can 
be no question of the pre-existence of a shallow sea-shore, while 
from the great abundance of littoral shells, there can be little 
doubt that the upper and greater portions of the deposit at this 
place formed a shore-belt long subsequent to the life history of 
the underlying deeper water shells. These littoral belts, which 
are found occurring at different heights in the valley of the Clyde, 
where no indications of our old shore line are seen further than 
the presence of the shelb, lead us to believe that pauses in the 
elevation of the land may have been more frequent and of 
shorter duration than our well-marked 20 feet and 40 feet 
old sea-beaches would lead us to suppose, but yet sufficiently 
long to allow of the colonisation of a considerable littoral 
fauna at these intervals. There can be little doubt that over- 
lapping or mixing of older and newer deposits will be more 
commonly found than we have hitherto supposed to be the 
case ; and in this way many of the anomalies that have presented 
themselves, where a profusion of both littoral and deep water 
shells have been found together, may be satisfactorily accounted 
for. In such cases the line of demarcation between the older 
and newer deposits will be more or less obscure and intricate 
in proportion to the extent they have been subjected to the 
action of water, which is clearly indicated by the overlying 
masses of sand and gravel In the present case, although 
the fossil remains have not been collected under favourable 
conditions, from the excavation beiug partly covered over 
before we saw it, and owing to the few opportunities we had 
of seeing it afterwards, still, the prevailing organisms have been 
ascertained which, almost in every case, give a special character 
to the deposit 
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VBRTBBRATA. 



Two bones. 



MOLLUSGA. 



Anomia ephippiuMf lAan6. 
PecUn Idandicutf MtUIer. 
MytUut eduUi, Linn. 



CONOHIFERA. 



modiola, Linn. 

Nucula tenuii, Montagu. 
LedapemtUa, MUll. 

pygnuBO, Monster. 

Axinui JUxuotutf Mont. 
Cfyprina Idandica^ Linn. 

TeUina ealoaria, Chemnitz. 
Mya truncntOj Linn. 
Saxicava rugom^ Linn. 



Rare and smalL 
Moderately rare. 
Common; large and small; 

mostly broken. 
Moderately conmion. 
Rare. 

Moderately rare. 
Moderately rare and small. 
Moderately common. 
Moderately rare ; laige valves 

with epidermis. 
Common; small. 
Rather rare. 
Rather rare. 



GASTEROPODA. 



ChUonytp. 

PunctwreUa Noaehinct, Linn. 
Trochui Orcenlandieu9f Chemn. 
Lacuna divarieata, Fabridns. 

pdeoltu^ Pabr. 

LiUorina UUorea, Linn. 

— -^— 6btu8(Ua, var. nerUiformit, Linn. 

— limata, Lov^ 

rudU^ Maton. 

]U$9oa Ofiata^ Adams. 

patnctj var. inUrrupta^ Adams. 

Shmm pUautrbu^ YwSat, 
Homalogyra aUmtu, Phillips. 
Naiioa affiaU, Gmelin. 

QrcerdandicHf Beck. 

CerUkium retieulatuMy Da Costa. 
Bueeinum, undatum, Linn. 

Trophon dathraiuB^ Stromer. 



-, var. Ounneri, Lov^n. 



truneatus^ Strom. 



Pleurotoma pipramiddUi^ Strom. 

^_ vMaceOf Mighels and Adams. 

Utriadus mammUUUuB^ Phill. 
.... obtusuty Mont. 



Two plates. 

Rare. 

Rare. 

Common. 

Rare. 

In great abundance. 

Moderately common. 

Common. 

Rare. 

Common. 

Very common. 

Moderately common. 

Rare. 

Moderately common. 

Moderately rare. 

Moderately rare. 

Moderately common ; laige and 



Moderately common ; laige and 



Rare. 

Moderately rare. 
Moderately rare. 
Moderately rare. 
Moderately common. 
Moderately rare. 
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POLYZOA. 

DtKopordla Orignonieniii, Milne Edwards. Bare ; a Crag foniL 

CRUSTACEA. 



Balanus erenatut, Bmg. 

ffameri, Aacaniiu. 

balanoideiy Linn. 

Verruca Strdmia, MUlL 



CIRRIPEDIA. 



Verycommon and characteristic. 

Bare. 

Common. 

Bare. 



Plates and claws of Crabs, too fragmentary to determine. 



CifihereUaea,Um. 



' angulala, Sars. 

• eoncinnoy Jodsb. 

• vUloaa, Sars. 

- tubereultUa, Sars. 

• eoitanea, Sars. 



OSTBACODA. 



porcdtaneOf Brady. 

viridtB, Man. 

Eucythere Argus, Sars. 
Cytheridea punctiUataf Brady. 

papiUoM, Bosqnet. 

Loxoooncha tamarindus, Jones. 

froffUis, Sars. 
Cytherura undaia, Sars. 
niffveaceM, Baird. 



Sarsiiy Brady. 
tiathratOy Sars. 



Cfyiheropteron kUianmum, Norman. 

nodosum, Brady and Bobertson. 

SderochUus contortus, Norman. 
ParadooDOttoma variabUe, Baizd. 



Yeiy abondant, and in good 

condition. 
Moderately common. 
Moderately common. 
Moderately common. 
Common ; male and female. 
Common ; male and female ; in 

very fine condition. 
Common. 

Common, and in good condition. 
Bare. 

Bare and poor. 
Moderately conmion. 
Common. 
Moderately rare. 
Common. 
Very abundant; young, and full 

grown. 
Moderately common. 
Bare; very fine. 
Common. 
Bare. 
Common. 
Moderately common. 



ECHINODEBMATA. 
Spines and plates too imperfect to determine. 

ZOOPHYTA. 
Budendrium raim£um, TaJltiB, Bare. 



FOBAMINIFERA. 

Quinqudoeulina senUntdum, Linn. Common. 



suhrotundct, Montagu. 



Moderately common. 
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Lagena mdeata^ Walker and Jones. Bare monsfcroBity. 

dufomo^ Parker and Jones. Bare. 

Polymor^ina lactea, W. and J. Moderately common. 

Olcingerina hulhides, D'Orbigny. Bare, and veiy weak. 

Truncatvlina lobcUultt, Walker. Bather rare. 

PriyUomdla gtriato-ptmetaUif Fichtel and Very common. 

Moll. 

Nonumina di^preasulOf W. and J. Bare. 

PLANTiB. 

Bootlets incmsted with clay. Bather common. 

OoraUinaoffieinaliSflaim, Fragments; common. 



XXIU.—On the Stratified Eocks of the Garpel Water, 
MuiRKiRK, Ayrshire. By James Thomson, F.6.S., mem- 
ber of the Eoyal Science Society, Liege, Belgium. 

[Bead OCh March, 187&] 

In order that my subject may be better understood, I propose to 
take a preliminary glance at the stratigraphical position of the 
rocks found in the strath, from Glenbuck on the east to Balloch- 
myle on the west. At the eastern extremity of Glenbuck, where 
the water for Gatrine Mills is collected, and before it enters the 
Water of Ayr, the rocks belong to the Upper Silurians. Over- 
lying them is a thin bed of Old Sed Sandstone, which again is 
overlaid by Lower Carboniferous strata, these latter to be seen 
abutting against, and flanking the Old Bed Sandstone all round 
the lower or western end of Glenbuck. The Carboniferous rocks 
fill in and form the centre of the valley, and the low blackband 
ironstone which is seen cropping out on either side has been 
wrought for a considerable period, and is stiU being worked at 
various depths nearly to Auchinleck on the west. In tiie Greenock 
Water, on the north side of the valley, the upper rocks are seen 
overlying breccia^ which in turn overlies a series of argillaceous 
shales, more or less chocolate coloured, with the pale yellowish 
concretionary limestone which characterises this horizon of Upper 
Old Bed. Similar sections are seen all along the north bank of 
the Ayr Water, except at Ballochmyle, where there is a great 
fault. There the deep-red Permian rocks are seen in juxtaposition 
to the upper limestones of the Scottish coalfields. The dislocation 
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18 well seen at Lngar, at which place the rocks can be studied and 
classified Farther east, on the south side of the strath, and on 
the banks of the upper reaches of the Garse Water, the lower 
members of the mountain limestone have been extensively 
quarried Indeed, wherever there is a stream, on either side 
the rocks are exposed to advantage. In the Gaipel Water, 
however, they are better seen than elsewhere, that stream being 
larger than any of the others, even the Ayr Water, of which, 
though a so-called tributary, it is in reality the main stream. 

A branch of the South-Westem Bailway passes up the south 
side of the valley, from Auchinleck to Muirkirk, and the 
foundations of the bridge carrying it across the Garpel Water 
are built upon a close-grained, compact, light-blue limestone, 
which is the equivalent of the Linnspout limestone of Dairy. In 
this rock we find certain fossils characteristic of this horizon. 
Conspicuous amongst these is Bhymkonella pugnus^ Martin; also 
OrAis resupinata, Martin, and Streptorynchris crenistria, vars. senUis^ 
Phillips, and rohusta. Hall, frequently found at Bowertrapping, near 
Dairy ; these latter not yet having been discovered in any other 
horizon of Carboniferous strata. There are also various forms 
which, although found in a state of preservation peculiar to these 
beds, are met with in other parts of the formation, and through- 
out all the lower members of the Carboniferous beds, such as 
^rifera trigonalis, var. Usvlcatay Sowerby; Strapfiomena rhom- 
baidalis, var. distorta, J. de C. Sowerby; and Frodudus scabrictdus, 
Martin. This latter form seems to have been in greater abun- 
dance in this horizon than in many of the previous deposits, 
and has attained larger dimensions than in any other sec- 
tion of Carboniferous limestone. There are also P. laHssimus, 
J. de C. Sow.; P. semireticulcUus, Martin; P, punctaiuSf Martin; 
P. longiqnnvs, Sow.; P. acvleaius, Martin, with many other 
oiganisms belonging to the same horizon. This limestone 
overlies a bed of sandstone of considerable thickness, resting 
upon a calcareous shale which is seen to pass from lacus- 
trine to marine conditions. The shale passes by imperceptible 
gradations into impure limestone, in which P. laiissimm is 
found developed to an extent peculiar to this section. This 
limestone is found in various other parts of Scotland — in the 
Marsh, Dairy; at Auchenbeg and Bellfield, Lesmahagow; and 
usually contains P. latissimus. The other forms found in it are 
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not in a good state of preservation, so it would appear that 
owing to the greater thickness of this shell it has been able to 
withstand the abrading influences which have affected others. 
Overlying this limestone is a bed of calcareous shale of consider- 
able thickness. The section has long been exposed to the influence 
of the weather, and is consequently weathered and eroded so 
that the deposits cannot be seen in their normal condition. In 
this shale is found the interesting encrinite PlcUycrinus Ubvus, 
Miller, which has a remarkable ridge passing across the centre, 
and parallel with the long axis of the stem. This crinoid attracted 
the attention of that ever memorable observer, the Eev. David 
Ure, and was figured in his ''History of Eutherglen and East 
Kilbride," 1793. It has also been figured and described as occur- 
ring in Belgium, by Prof, de Koninck, in his ''Secherches sur 
les Animaux Fossiles.'* The shale in question, in parts highly 
fossiliferous, is exposed in other localities, e,g.j to the east of 
the North British Railway on the road from Kilsyth to Castle- 
cary; at Swindridge Muir, in the parish of Dairy; and at 
Auchenbeg, three mUes to the south of Lesmahagow. 

The section in the district I am now describing is seen passing 
along the face of the rising ground south-east of the Muirkirk 
railway station, and overlies a thick bed of sandstone which 
has been quarried a short distance east of the ironworks : several 
thin bands of coal have there been rendered columnar by 
intrusive sheets of felstone, which are finely exposed in the 
face of the quarry. The sandstone forms a more or less elevated 
ridge, well seen in the Garpel Water. Underlying it is a bank 
of bituminous shale, which may be seen passing insensibly from 
impure coal, first into shale, then into arenaceous shale^ and 
lastly, into the sandstone above referred to. The junction may 
be readily traced by the synclinal trough along the country, and 
more especially near the Garpel Water, continuing up it for a 
considerable distance. There is a pit quite close to the little 
waterfall there, and in sinking the shaft they passed through 
the sections just noticed. The low main coal was fou|^ 52 feet 
under the sandstone; and overlying the coal a bed of calcareous 
shale, in which occur the largest specimens of Lingula myHloides, 
Sow., that I have ever seen in British strata, several measuring an 
inch in length : I also discovered various forms which seem to have 
lived in estuaries of the Carboniferous sea. Indeed, in these 
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passage beds we may trace a gradual transitioii from laeostrine 
conditions into estuazine^ passing into the marine conditions of 
the old seas in which the limestone was formed. It is seen 
cropping out on the banks a littie way feurther up the stream. 
Farther up in the same direction are to be found beds eyery- 
where characteristic of this section of Carboniferous strata — 
alternate representatives of lacustrine, marine, and estuarine 
deposits^ with here and there inter-stratified thin beds of coal, 
until we reach the lower members of the period, in which may 
be found the organic remains usually met with in the same horizon 
throughout Scotland* Most conspicuous are the excellent examples 
of Produdus giganieus, Martin, showing both the ventral and 
dorsal valves, in which state it is extremely rare. I alao 
procured here specimens in which the interior muscular im- 
pressions are preserved in a perfect stata 

Underlying these deposits are thick beds of calcareous shales, 
which pass into the breccia and dull red sandstone so character- 
istic of this horizon. These are succeeded by the grey, chocolate- 
coloured shales which everywhere distinguish the passage beds 
between the Carboniferous and the Old Bed deposits. Interstrati- 
fied with these are several thin beds of concretionary limestone 
of a dull white or creamy colour, in which I found a group of 
small Produdi much resembling the young of P. giganieus. Not 
finding any with the internal structure, I could not with certainty 
fix the species; but as they are true Carboniferous fossils, there 
is littie doubt that these are passage beds between the Lower 
Carboniferous rocks and the underlying Old Bed sandstone^ 
Similar beds have not been recorded as occurring in England, 
and this is the first time, so far as I am aware, that passage beds 
containing marine fossils have been noted as occurring in Scotland. 
I have, however, discovered marine conditions in the parish of 
Lesmahagow in the same horizon of strata as the above. 

In proceeding farther up the Garpel Water we pass over marls, 
sandstones, and the breccia so frequently found in the upper 
members of the Scottish Old Bed sandstona All of these are 
seen folding round the flank of Caimtable, and can be studied 
to great advantage in the Garpel Water, in the upper reaches 
of which we leave its winding course and ascend the hillside to 
the south. Having gained the top we find, as in most of the 
prominent ridges of Scotland, the igneous rocks which have 
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upraised the stratified rocks, and have, by the upheaval, produced 
those folds and plications which distinguish the central valley 
of the country, and which have, in my opinion, been attributed 
rather hastily to the action of ice alone. Indeed, observation 
should teach us that we cannot afford to ignore the action of an 
agent which is well known to alter and modify the surface 
configuration of extensive tracts of the earth's surface of the 
present day, as doubtless it did in the past I am persuaded 
that if there were fewer dogmatic assertions made by incautious 
observers, there would not be so many stumbling blocks placed 
in the path of knowledge. But let us combine stratigraphical 
evidence with palaeontological facts, and then only can we hope 
to arrive at anything like a satisfactory explanation of the 
phenomena of the mighty past. 

This short digression has led us from our immediate subject. 
We have gained the top of that ridge of hills which bounds 
the south side of the valley. Let us now descend through 
Glenmuirshaw, down which flows a small stream running west- 
ward, and entering the Lugar a short way above Cumnock. The 
sections here are concealed by the overlying vegetation for a 
considerable distance, towards the south-east; but in a little rill 
about halfway down the hillside the stratified rocks are again 
seen, consisting of sandstone, and shales both calcareous and 
lacustrine. Here and there are thin beds of limestone, in which 
I got a remarkable variety of Productus, resembling in outline a 
member of the same genus which I found in abundance in the 
grand section which rises cliff above cliff about 1400 feet high, 
at the beautiful village of Llangollen, in North Wales. 

From this point tiie stratified rocks are occasionally seen until 
we reach the main valley. We now turn to the left and ascend 
the bed of a small bum, which, running from east to west, has 
cut its way into the rocks, exposing on either side most excellent 
sections of the lowest beds of Carboniferous sandstone, which pass 
into the breccia of the period, and overlie the chocolate-coloured 
marls above referred to. We then reach an extensive mass of 
igneous rock and tufa, more or less amygdaloidal, and in one 
portion somewhat augitic in character. Some of the amygdaloids 
have all the characteristics of our finest Scottish pebbles, whilst 
others partake of an intermediate variety between them and the 
sardonyx, others again being true sardonjrx. The day is now 
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far spentf and oar bags are filled to overflowing; even every 
pocket is crammed, so we turn our faces to the hillside, put a 
stout heart to a stey brae, trudge across the muir, and reach 
Muirkirk in time to catch the last train for home. 



XXIV.— Garnock Water Post-tertliry Depostt. 
By David Eobertson, F.LS., F.G.S. 

[BMd SOth NAKh, 1876.] 

It is with pleasure that I refer to the frequency with which deposits 
of shell-bearing clays have been brought under my notice, and 
often those which were not likely to have been otherwise heard 
of; if the value of such information were more generally known, 
there can be little doubt that many important additions to our 
knowledge would be secured. In the present instance I am 
indebted to Mr John Smith, Kilwinning, but my obligations 
to him are greatly increased by his kind and valuable assistance, 
not only in accompanying me to the place, but by providing 
implements and labour which enabled us to examine effectually 
a mass calculated to be not less than 30 cwt. of the material 
This may appear to be a large amount to examine in part of a 
day, but the deposit was unusually favourable for such an 
operation, being chiefly composed of muddy sand, and lying on 
the bank of a stream in which it washed easily through large 
fine sieves, while the shells were retained in a beautifuUy clean 
condition. 

The shell bed is exposed in a scaur on the south bank of the 
Gramock, about two hundred yards to the south-east of Kilwinning 
iron works, the bank being about twenty-two feet above the level 
of the sea. The layer containing the shells is ten or twelve 
inches thick, and about six feet above the level of the stream, 
which was very low at the time of our visit. The shell-bearing 
day rests on boulder-day, and is overlaid by 12 feet of 
stratified sand and gravel, which thins out as it reaches a little 
way up the stream, but dips and increases in thickness towards 
the south-east ; and is not seen here on the opposite bank. Mr 
Smith informed me that shell beds have been met with in other 
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cuttings and borings in the neighbourhood, particulars of which 
may throw some light on the bearings of the bed I now speak of. 
The shell-bearing clay at this place consists of-— 

Fine mnd 12 per cent. 

line aand 52 „ 

Coane aand ..... 16 „ 

Shell debrJB and gnvel ... 20 „ 

The shells as a whole are in good condition, and agree closely 
in general character with those of the Dalmuir and Old Mains 
deposits, which stand about the same level above the sea— 
Dahnuir, on a small tributary of the Clyde, Old Mains, a little 
way oflf the Cart. 

All these deposits are largely made up of sand, and all three 
contain Vdutina undata (Smith), which is a highly northern species, 
and rarely met with in the Clyde beds. It inhabits the Arctic 
seas of both continents, and is fossil in the Mammalian Crag at 
Bramerton, Uddevalla, and in Canada. What makes its occur- 
rence in the Gamock deposit more remarkable, is its abundance 
and fine condition. I procured above 30 specimens, and Mr 
Smith at sundry times has secured probably double that number. 

Another curious point of similarity between the Gamock and 
Dalmuir beds, is that they both contain numerous winged, fluted, 
and knobbed spines of Echini, which have rarely come under my 
notice in any other deposit It may be difficult to account for 
the vagaries the spines of these animals assume in particular 
localities.* The Echini plates as well as the spines are very 
abundant^ and from their abrupt curves it is seen that the 
animals have been mostly of small size. The erosion on some 
of the plates shows that peculiar ornamentation met with in a 
few of the post-tertiaTy beds, both of Scotland and Norway. 
Amongst other parts of Echinodermata, Pedkellaria are plentiftd. 
In all, 106 species have been obtained from this bed, which are 
classed as follows: — MoHusca, 44 species; Polyzoa, 2; OnLstaceOy 31 ; 
Afindida, 2; EchmodermcUa, 2; Fw'ammferOy 23; Pmfera, 1; 
and PlajUcB, 1. 

* May it not be alleged that these irregular prooeases along the spines are 
survival indications of some long lost character? 
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MOLLUSC A. 



OONOHIFERA. 



Anomia ephippium, Lixm^. 
Pecten Idandicus, Miiller. 
MytUuB edtdiBf Linn. 
— -— ^- fnodioktSf LimL 
Ntteuloj sp, 
Ledapemtda,Mm. 
— pygmoBOt Mtlnster. 
Axmui jkxuMUif Montagu. 
Oa^rdium edule, Linn. 
Agtarte horedUs, Cheouiitz. 

compresio, Mont. 

Tapes virffineusy Linn. 
TdUna caloaria, Ohemn. 
ScrobiGulariaaIb€ty "Wood, 
Mya truneaUk, Linn. 

Saadeawi rugota, Linn. 



Common; all smalL 

A fragment only. 

One small valye. 

Moderately common. 

Raze. 

Moderately common; amaO. 

Bare and smaU. 

Very common. 

Two valves. 

Rare. 

Common. 

One imperfect valve. 

Common. 

Rare and smalL 

Moderately common, some with 

the siphon preserved. 
Moderately common and laige. 



GASTEfiOPODA. 



Chiton marmoreui, Fabrioitu. 
ffdeionpeUtusidum^ Linn. 
Tectmra virginea, MtilL 
PunetureUa Noachina, Linn. 
IVockus cinerariiu, Linn. 

tumidtts, Chemn. 

Oromlandicui, Chemn. 

Lacuna cUvaricata, Fabr. 
LUtorina Uttorea, Linn. 

^— ^— ruddgf Maton. 



- obtiaata, Linn. 



BisBoa ttriata, AdaxDB, 

parvOf var. iiUemqpta, Adams. 

Skenea planofinst Fabr. 
Jlomalogyra atomuSt Phill. 
Natica affnUy GmeL 

1— (7ram2am2i0a, Beck. 

VduUna uncUUti, Smith. 
Cerithium reUculaium, Da Costa. 
Buocinum Chrcenlandicum, Chemn. 

undaium, Linn. 

I>rfraneia, ap. 

TrophondaikraluitlAjm, 

— —• ——— var. Ounnerif Lov^n. 



Common. 

Rare; smaU. 

Yeiy common. 

Common. 

Moderately rare. 

Very common. 

Moderately rare. 

Rare. 

Rare. 

Rare. 

Rare. 

Common. 

Common. 

Moderately rare. 

Moderately common. 

Moderately common« 

Rare. 

Common, and in fine oonditjop. 

A fragment. 

ModM«tely rare ; much eroded. 

SmaU. 

Rare. 

Common. 

Rare. 
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Pleuratama pyramidaUs, Stromer. 
— ^— violacea, Mighek and Adams. 



— iurricuUi, Mont. 

Utriculus dUusus^ Mont 



Moderately common. 

Bare. 

Rare. 

Moderately common. 



POLYZOA. 

Metnbranipora Flemingii, Busk. Rare. 

Lqtfxdia cnuntOf Norman. Rare. 



Balanui porcattUf Da Coata. 

— cnnatuSf Bru^. 
VeiTuea StrSnUa, Miill. 

Crab daw. 



CRUSTACEA. 

CIRRIPEPIA. 

Common and large. 
Rare ; very small. 
Moderately common. 



08TBA0ODA. 
ArffUlceeea cylindricoy Bars. 
Cytheregibbosaf Brady and Robertson. 

Zttfea,MiilL 

concinna, Jones. 

angtUata, Sara. 



tubereulatctfSun. 

eoitaneet, Sars. 

porcditmeti, Brady. 

peUueida, Baud. 

tenera, Brady. 

w»dtt,Mim. 

— vUloga, Sars. 

pukhella, Brady. 

Oytheridea punctUUUa, Brady. 

jpa/pQlota^ Bosquet. 

Eueythere ArgtUt Sara. 
Loxoctmcha Umiarindua, Jones. 
Oiftherura cUUhrattif Sara. 

undata. Son. 

— ttriata, Sara. 

— comutOy Brady. 

— Sanii, Brady. 

nigre$cen8, Baird. 

SderochiSui eontortm^ Norman. 
Paaradoxottoma variaJbiUy Baird. 

Fiieheri, Sars. 

eniifonnef Brady. 



Rare. 

Moderately common. 

Common. 

Veiy common. 

Common. 

Common. 

Rare. 

Rare. 

Moderately common. 

Rare. 

Common. 

Rare. 

Rare. 

Common. 

Common. 

Moderately common. 

Moderately common. 

Moderately common. 

Very common. 

Common. 

Rare. 

Moderately common. 

Common. 

Moderately common. 

Rare. 

Rare. 

Modentely common. 



Digitized by 



Google 



296 TRANSACTIONS OF THE GEOLOGICAL SOC. OF GLASGOW. 

ANNELIDA. 

Spirorbit ^pmllum, Lixm. Bare. 

Serpula vemUcularii^ Ellis. Moderately oommoxL 

ECHINODEBMATA. 

Behmtu DriSboMenriifM^SLfTlalbeBBJid Oanunon. 

SiarfiBh plates. Bare. 

FORAMINIFERA. 

Comtupirafoliaoea, FhilL Bare. 

BUocuUna depregtct, D'Orbigny. Bare. 

2VUoculina triffonultt, Lamarck. Bare. 

-^— obUmfftt, Mont. Common. 

Brot^ffmartii, D'Orb. Bare. 

(iufittgwioculina aemtnulum, Linn. Conmion. 

— — hioomi$. Walker and Jones. Bare. 

Biibrtftunda, Mont. Common. 

Lagena iuloata, W. and J. Bare. 

■ marginata, Mont. Bare. 

' oaudaiaf D'Orb. Bare. 

Potymorpkina obiUmga, Brown. Bare. 

laeUa, W. and J. Bare. 

Or&uZtna unvvenok^ D*Orb. Bare. 

GMngerina huUoideB, D'Orb. Moderately common. 

Btdimna puneUUaf D'Orb. Bare. 

Ditcorbina rotacea, D*Orb. Bare. 

Planorlndtna MedUerraneMii, D'Orb. Bare. 

TruneaivUna Idbaiula, Walker. Common. 

BotaUa Becoouii, Linn. Bare. 

PolffttomeUa ttriat<ypunctaiaf Fichtel and Moderately common. 

MoIL 

Nonionina depreanla, W. and J. Moderately rare. 

• atteriamSf F. and M. 

FOBIFEBA. 

CUona edata, Grant. 

PLANTS. 

Mdobaia polynwrphaj Linn. On stones and shells. 
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XXV.— Notes an the Post-tertiart Deposit of Misk Pit, 
near Kilwinning. By David Eobertson, PX.S., F.G.S. 

IBMd 10th JanoMT, 1877.] 

As at Gamock Water, this deposit was brought under my 
notice by Mr John Smith, E|glinton Iron Works. I am also 
indebted to him for the journal of the bore; besides which, 
while superiiitending the sinking of the pit, he secured samples 
of the shell-bearing clays from the various strata as they were 
passed through, with that accuracy which is at all times of so 
much value. 

Misk Pit is a little to the south-west of Kilwinning, about 
three-quarters of a mile from the sea-shore, the mouth of the shaft 
not being much above high water-mark. The ground on the south- 
eastern side is comparatively flat, forming an area of several 
square miles in extent; and hundreds of acres are protected 
from the inundations of very high tides by the drifted hills 
of shore-sand and by the artificial bankings of the rivers. It may 
be mentioned here, that along the banks of the Irvine at difierent 
points, both above and below the town, marine shells of an old 
searbeach are exposed. The same bed has been cut into at 
different places, at considerable distances inland, at a depth 
of from 10 to 12 feet from the surface, the overlying material 
being chiefly sand. 

The strata passed through in sinking the pit^ so fisur as con- 
nected with our present remarks, were as follows : — 

Snxface soil, 1 foot. 

Sand, 2 feet. 

Gravelly sand 7 „ 

Muddy Band, with thin bands of dark vegetable mad, 18 „ 

Sandy day 3 „ 

Clay, with len iand, 2 „ 

Fine day, conmnting of brown and reddish brown layers, 2 „ 

BonlderKsUy, with large Bcratdied boulders, . . 3 „ 

Bouldei^day, with bands of gravel, resting on shale, . 4 „ 

It will be noticed that this bore has not passed through 
the stratum of shells of the old raised beach. Different bores 
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at no great distance from each other show that the sand is ve^ 
irregular in depth, at some pkces attaining a thickness of 60 or 
70 feet As this lai^e accumulation of sand appears to lie under 
the old sea beach, it is presumably a marine deposit rather than 
drifted sand. In regard to the drifting sand in this locality, it 
is to be observed that it is making rapid encroachments from year 
to year on the neighbouring arable land — ^the sand has been seen 
covering the snow to a depth of seven inches — and those most 
conversant with the facts of the case believe that at no distant 
date many miles of the district will be laid waste, if better means 
than have hitherto been devised are not discovered to stay its 
progress. 

In the section of a tramway leading to the pit^ a stratum of 
vegetable mould, about 12 inches thick, was seen in the sand, 
running along the cutting ; the depth of the overlying sand vary- 
ing, of course, with the hummocks of drifted sand. This layer of 
mould appears to have been a growth of vegetation over the 
sand of a receded sea, and which in its turn has been covered 
by drifted sand. If produced from plants grown on the spot, we 
may infer that a considerable time elapsed during its formation, 
and before the drifting of the sand began to set in over it. 

In passing through the upper 10 feet of surface soil, sand, and 
gravelly sand, we came to the 18 feet of muddy sand, with thin 
bands of vegetable mud about an inch in thickness, averaging 
about a foot apart It was in the lower half of this 18 feet 
portion that shells and other organisms were met with in the 
greatest abundance. The first shell* noticed {lAUorma lUiarea) 
was at a depth of 19 feet from the surface, or exactly in the 
middle of the 18 feet of muddy sand. At 22 feet from the 
surface, shells and other organisms were frequent, but the species 
of shells were few, Tdlina cakcma being most prevalent At 
from 22 to 28 feet, T. calcaria was stiU the prevailing shell; 
and what was most remarkable connected with its occurrence in 
this deposit, was its unusually large size, larger than any we have 
hitherto met with in our Scottish clays, the specimens generally 
measuring over 1^ in. by l^^ in., and some of the broken shells 
obviously indicating even laiger sizes. In this part of the section 
Astarie sulcata^ var. dliptica, was moderately common and large, 
together with a few valves of Astarte borealis, which were also 
above the common size. Cyprina IsUmdica, Peeten Idandkus, and 
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others, as will be seen by the general list, were common. In the 
next two layers — ^the one of sandy clay and the other clay with less 
sand, at a depth of from 28 to 33 feet from the surface — shells 
were still abundant and large, with more species and more univalves. 
The remaining part of the shell-bearing section consisted of the 
2 feet of very thin layers of alternating red and brown clay. In 
this portion all the large shells were absent, only small sized 
species being found, as Ledapygmcsa, two or three specimens of 
Bissoa striata, one small Naiica Or<mlandica, and a few species of 
Ostracoda and Foraminifera which were common in the upper 
parts of the section containing shells. 

The shell that bulks most largely in the deposit is Offfrina 
IslancUcaf next is Pedm IslandicuSy and the species which is 
most numerous individually is Tdlifna eatcaria, the next being 
Asiarte sulcata, var. Miptka. Bivalves predominate greatly over 
univalves, particularly in the upper portion of the section. 
In this respect the bivalves and univalves of this pit approach 
the relative distribution of those on the east coast more than 
those on the west of Scotland, as univalves are characteristically 
rare in the eastern clay beds. This coincidence, however, is 
no guide in either a geographical or geological point of view, as 
these changes frequently depend on strictly local circumstances. 
For example, about a mile or so to the east of this pit, a deposit 
occurs on the Gamock Water, most likely a continuation of the 
same bed, being similar in composition (muddy sand) and resting 
in the same way on boulder-clay and overlaid by sandy gravel.* 
In it the univalves predominate over the bivalves both in 
species and individuals. Gyprina Idandica and Astarie sulcata, 
var. dliptka, were not found, and with the exception of one small 
fragment^ the same may be said of Pecten Islandims — all these 
bulking so largely in the Misk Pit In the Gamock section, 
TeUina caiearia is of smaller size than that species is usually 
met with in the clays on the west of Scotland, while those found 
in the Misk Pit are greatly larger. 

It is at all times a matter of interest when a rare form is met 
with ; but when a common shell of the district is wholly absent 
from any particular deposit, although a circumstance not likely to 
attract attention, yet it must be in all cases suggestive of some 
peculiar condition of that deposit Axinus flexuosus is one of the 
* See paper on Garnock Water Poflt-tertiary Deposit, page 292. 



Digitized by 



Google 



300 TRANSACTIONS OF THE GEOLOGICAL SOC. OF GLASGOW. 

common sheUs of the Clyde district^ yet only a fragment of it has 
been detected in Misk Pit. Again, on the other hand, we have the 
little shell Evlma disUnia, not only new to the district, bat, so 
far as I know, new to Britain as a post-tertiary fossiL Sara 
enumerates this species as a post-glacial fossil, from a shell bank 
in Norway 50 feet above the sea level In our present seas it is a 
widely diffosed species from low water to great depths. 

Another feature in the deposit at Misk Pit is the presence of 
extensive sheets of Mdobesia jwlymorpha, spread over the boulders. 
Some of the stones are covered more or less with a thin smooth 
incrustation; others have the covering of a tuberculous or mam- 
malated appearance. This alga is common in the Clyde shell- 
bearing day-beds, but I have never seen it to the same extent 
as here. Harvey gives its habitat as common on littoral rocks 
all round our coasts, extending beyond low water mark. It 
may be likewise remarked that the stones in the clay in this 
pit are more covered with animal and vegetable growths than 
they usually are in our clay deposits. This large stone, yon 
will observe, is crowded all round the edges with SerptdcSy 
SpirorUSy and Polyzoa, and at one end they overlap part of 
the upper surface, the underside obviously having been protected 
by the bottom on which it lay, while the free part on the 
top was probably shielded by some overlying stone. You will 
notice that the upper side of the stone has a smooth and 
rubbed appearance, and is closely scratched with irregular 
strisB, which, there can be no doubt, took place before its 
location in the clay of the pit; and as the Serpulm over- 
lie the striations, they are, of course, a subsequent production. 
Had the grinding agency which scratched the stones operated 
upon them in the position where they are found, there would 
have been decided evidence of the same action on the associated 
shells; but no such evidence is found, not a scratch or polish 
from abrasion having been seen on one of them. At the same 
time, there may be a question whether all the organisms 
attached to the stones grew in the position where they are now 
found, or whether the stones may have been transported hither 
with the orgamsms on themu 

The Mdobesia and Serptdce are chiefly sub-littoral species, while 
the sheUs that prevail in this bed are of a deeper water character, 
which favours the prevailing opinion that stones, with their 
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parasites, under such circumstances, are mostly deriyatives, having 
been taken up by shore ice and dropped where they are found. 
This becomes more evident from the fact that Balam are occasion- 
ally found in the clay-beds on the under side of the stone, 
imbedded in the mud ; and this is inconsistent with the habit of 
these animals, which, whether on the upper or lower side of the 
stone, must have a free flow of water. In other cases, the 
horizontal girdle of Balani, or other organisms frequently met 
with on stones, corresponding with the surface of the mud in 
which the stones had been imbedded at the time the organisms 
took possession of them, is now often found standing vertical 
to the stratification of the clay in which they are at present 
imbedded That the stones have been transported and placed 
under other conditions since the formation of the encircling 
girdle of Balam is obvious, from the absence of another girdle 
crossing the first, as there can be no reason to doubt that a new 
colony of Balani would soon have attached themselves to the 
stones, had they only been turned up and left with the same 
surroundings. 

Chalk Finds in Laminaied Clay, — ^This flint nodule, from the 
Misk Pit, which I now hand round, was met with at a depth 
of 24 feet. It weighs fully 15 oz., and is nearly as broad as 
long, rounded at the top and flat at the bottom. The fracture 
seen on the under side was done at the pit-head, but other 
smaller flint nodules, deeper in the deposit, together with small 
water-worn stones, were found fractured, which must have been 
the result of considerable pressure at some stage of their history, 
and this we can scarcely suppose to have taken place in the 
soft muddy sand in which they were found. Flints do not 
appear to be common in the days on the West of Scotland; I 
have only found another piece, which was likewise imbedded 
in the clay with Arctic shells, on Inch Lonaig, Loch Lomond. 

On the east and north-east of Scotland they have been much 
more frequently met with. Professor Fleming* mentions the 
occurrence of a fragment of chalk flint upwards of an ounce in 
weight at lirie, near Kirkcaldy, in a clay field with Arctic shells, 
Leda truncata of Brown, Leda a/rcHca of Gray. 

Another section occurs on the coast of Aberdeen, at Belhelvie,t 
in a deposit of laminated clay resting on the ordinary boulder-clay, 
• " Lithokgy of Ediiiburgh," p. 77. f Ibid, p. 79. 
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and oyerlaid by the usual sands and gravels. The depodt is about 
40 feet above high water mark, and contains fragments of coast 
shells, and amongst them some entire valves of Fanopea Narvegica, 
Pecten Islandicus, and Tdlina (proadma) cakana^ together with 
chalk flints and angular blocks of hard and soft chalk as large as 
one's hand. 

Mr James Bennie informs me that he found in " West Clay- 
field," Portobello, a small bit of chalk, \\ in. by 1 in., in a parting 
of sand 30 feet below the surface, and which contained abundant 
sponge spicules. It is now in the Greological Museum of Edin- 
burgh. Since that time he has found other pieces of chalk in the 
same clay-field, some of the pieces being several inches in length, 
and one or two being marked with striao. In one piece bands of 
flinty a quarter of an inch in thickness, occurred, running through 
the chalk. Pieces of greenish clay were likewise met, mottled 
with white spots. When these spots were cut out and washed, 
they were found to contain Ostracoda and Foraminifera abundantly, 
with numerous crumbs of chalk and a few of flint. The work- 
men stated that pieces of flint were occasionally met with in the 
deposit. 

Mr Bennie further informs me that he got a piece of chalk in a 
day-field near Kirkcaldy, 3 in. by 2 in. by 1 in., and found that it 
was almost entirely made up of Foraminifera. In the laminated 
shell-bearing clays at Elie he met with crumbs of chalk, and 
Mr James Qeikie, who mapped the drafts, states, in the work 
copies of the district^ that he found nodules of flint in the Elie 
beds. 

In the laminated clay at Puggeston tile work, near Montrose, 
large and small pieces of hard chalk are plentiful, chiefly about 8 
or 9 feet below the surface, which was the depth of the section at 
the time of my visit These pieces of chalk gave the lower band 
quite a speckled appearance. So far as I can remember, none of 
the chalk was scratched or water-worn. 

Flints in Boulder Clay. — Mr Peach informs me that he finds 
flints in the boulder-clays all over Caithness. His paper in the 
" Transactions of the Royal Physical Society," Vol iii, p. 396, 
gives many other interesting particulars. 

Flinis spread aver the surface.^—Mx Peach says,* " When walking 
across the north side of the Island of Stroma, I was surprised to 

♦ "Transactions of the Boyal Physical Society," Vol ii., p. 169. 
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find chalk flints in considerable abandance on the surface wherever 
I went, even on the ploughed land ; and where the vegetation was 
not too thick, I met with flints varying in size from a boy's 
marble to 8 or 10 inches over. The flints are slightly water-worn; 
with them are blocks of granite, gneiss, and smaller pieces of horn- 
blende, reddish conglomerate, quartz, etc. I passed over Pentland, 
and whilst my horse was feeding and being got ready for my 
return, I took the opportunity of looking round ' John o'Groat's,' 
and there chalk flints were to be seen, but not in that abundance 
as at Stroma." 

Prof. Fleming, in his " lithology of Edinburgh," page 77, says: 
— ** After a good deal of ripple action by east wind, I detected 
large patches of chalk flints at the Black Kocks (Leith); and Mr 
Christie of Hawkhill has observed them in considerable abundance 
on a field to the eastward of the house" (one mile N.E. of 
Edinburgh). 

Mr Jamieson states that an extensive bed of chalk flints covers 
the top of a low moory ridge for six or seven miles near Peter- 
head, and also the top of Windyhills, near Fyvie, and the top of 
another ridge near the town of Turriff, and considers that these 
are the remains of pre-glacial deposits. None of these flints, so 
far as I know, have been found in the true boulder-clay. 

Though the deposits of clay of Caithness have gone under the 
name of boulder-clay, it has obviously been laid down under 
different conditions from that of the true boulder-clay or till, the 
Caithness day containing marine organisms of many different 
orders, genera, and species, from bottom to top, while the true 
boulder-clay or till is almost destitute of Ufe remains of any kind. 
On looking over the list of flints on the east and west of Scotland, 
it will be seen that all those in the laminated clays are associated 
with marine organisms, and are in most cases intermixed with 
Arctic forms. 

Now, if the laminated shell-bearing clays have been formed, as 
they are generally supposed to have been, chiefly by a re-wash of 
the boulder-clay, and if we may reasonably assume that the 
boulder-clay is the detritus of the pre-glacial covering (including 
flints with other pebbles) of the surrounding country, then we 
should expect to find flints, wherever they occur, more abundant 
in the boulder-clay than in the overlying laminated clay, which is 
not the case. Therefore, whatever course the flints in our 



Digitized by 



Google 



304 TRANSACTIONS OF THE GEOLOGICAL SOC. OF GLASGOW. 

laminated clays have taken in transportation, there seems no 
reason to think that they have been transmitted through the 
boulder-clay. That they are ice-borne there can be little doubt 
Some of those found on the surface in the Island of Stroma^ by 
Mr Peach, were water-worn, and striated pieces of chalk were 
found by Mr James Bennie in the laminated clays of PortobeUo ; 
as to their source there is considerable difference of opinion. 
Prof. Fleming indicates Denmark ; others suggest the north-east 
coast of Ireland, but in that case we should expect to find the 
flints more abundant in the clays of the west than in those of the 
east of Scotland, which is quite the reverse of the fact. But from 
whatever source they may have come, the question is greatly 
widened when we take into account the occurrence of flint 
nodules in the strata alternating with the Miocene leaf beds of MolL 
The fossils obtained in the Misk Pit deposit were — 

MolIuBca, 89 specieB. 

Polywift, 8 „ 

Cnutaceft, 37 „ 

Annelida, ^ n 

Echinodermata, 3 „ 

Foraminifera, 45 „ 

Porifera, 1 »> 

Plante, 1 » 

In all, . 136 species. 

It is not, however, the number of species found in any 
deposit that is of the greatest interest When we know what 
species prevail, thereby indicating the main character of the 
deposit, the addition of a species or two to the already large 
number can be of no great value. What is of most interest, 
in a geological point of view, is the condition of the organisms 
relatively to those of other deposits or to those of surrounding 
seas, whether they are larger or smaller, rarer or more 
abundant; or the occurrence of a species peculiar or new to the 
beds in which it is found. 

One of these waifs, Evlirm distorta, before referred to, occurs 
in Misk Pit, and, although of wide distribution, and common in 
our surrounding seas, this is the first time, so far as I know, that 
it has been found in our post-tertiaiy clays ; its occurrence, here at 
least, proves its co-existence in our Scottish seas at that time. 

This may be coupled with a case of still more interest. 
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the occurrence of Trochm lineatuSy moderately common in a 
raised beach in Cumhrae, and not now found in the neighbouring 
seas. Although common in England, Wales, and the west and 
south of Ireland, it is doubtful whether it has been found as a 
recent shell in Scotland, though reported by Smith at Gumbrae, 
by MacGillivray at Peterhead, and by Gapt. Laskey at Dunbar. 
These were taken by the dredge in less or more deep water. 
Laskey's find was one specimen in deep water; the details are 
not given by the others, but as the habitat of the species is on 
rocks just below high water mark, these examples were not likely 
to be alive. Smith's find was obviously washed out from 
the old sea-beach referred to, and there are strong reasons 
to suppose that the others were from similar sources. The 
species inhabits the north of France, and Santander in the 
north of Spain, so Scotland may be presumed to have been its 
northern limits. It is a matter of some interest to consider 
what has been the probable cause of its removal from its northern 
boundaries ; its habitat being rocks near high water, it could not 
have been from any change of sea bottom. 

In conclusion, I may remark that although the 18 feet of 
muddy sand in the Misk Pit is intercalated from top to bottom 
with thin bands of vegetable matter, no doubt brought down 
by periodical floods of the river Gamock, there has not been 
a vestige met with of fresh-water or brackish-water forms, which 
are generally found in all estuarian deposits. 

This may be so far explained by the fact that at Greenock, 
where the strength of the current of the Clyde passes the 
harbour, fresh or brackish water forms are common, but over on 
the Sow side, which is quite out of the current, not a brackish 
water form is found. That the Gamock did bring down organ- 
isms from the higher reaches, we have proof of in the little land 
shell, CodUkopa tridens, which was found in this deposit Its 
occurrence here is all the more remarkable, as it appears to be a 
rare shell in Scotland, having only been recorded by Dr Fleming, 
on the authority of Gapt. Laskey, who is said to have found it 
in the Garline Park, near Leith. It is also in the collection 
of the Hunterian Museum, being found a few years ago by 
Mr Foulis in the neighbourhood of the Bridge of Allan, and 
noted in the Transactions of the Natural History Society of 
Glasgow, Vol. i., p. 240. Although this little shell can now 
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claim to be contemporaneous with the glacial period of this 
coontry, it can boast of a still higher antiquity, being a descen- 
dant of the fossils of the Upper Tertiaries. 



MOLLUSCA. 



CONOHIFEBA. 



Anomia qphvppmmf Linn^. 
PecUn Idandicust Mttller. 
MytUus eckdisy Usm, 

moddolutt Linn. 

Nueula tenuis, Montagu. 
Zedapemula, MiilL 

f var. mueUeiUa, Steenstrup. 

pygmcBa, Mmurter. 

Axinus Jlexuosiu, Mont. 
Cardiumfasciatum, Mont. 
Oyprina IslancUca, Linn. 
Astarte sulcata, var. eUiptica, Brown. 

. borectlis, Chemnitz. 

compressctf Mont. 

Tdlina edlcaria, Chenm. 
Strobicularia prismaHca, Mont. 
Mya truncata, Linn. 
Saxkava rugosa, Linn. 



Moderately common. 

Common. 

Bare; lazge. 

Bather raro. 

Bather rare. 

Bather rare. 

Bather rare. 

Very common; smalL 

Moderately rare. 

Moderately common. 

Common; large. 

Common; large. 

Moderately common ; large. 

Common. 

Common; lazge. 

Bare; smalL 

Bather rare. 

Bather rare. 



CkUon tnarmoreus, Fabricius. 
Tectura wrginea, MilU. 
Puncturdla Noaehina, Linn. 
TroeKus tunUdus, Mont. 
MSUeria eostalata, MoUer. 
Littorina liUorea, Linn. 
— — rudis, Maton. 

lifiuUa, Lov^n. 

Bissoa striata, Adams. 

parva, var. interrupta, Adams. 

Odottomia vnidentata, Mont. 
SuUma distorta, Deehayes. 
Natioa affinis, Gmelin. 
-^— - Qrcanlandiea, Beck. 
Buceinum undatvm, Linn. 
Tropkon dathratus, Linn. 

truncatus, Stromer. 

Futus anHquus, Linn. 



GASTEBOPODA. 

Moderately common. 

Moderately common; rather 

Bare; fragmentary. 

Bare. 

Bare. 

Bare. 

Bare. 

Bare. 

Moderately rare. 

Bare. 

Bare. 

Bare. 

Bare. 

Moderately common. 

Bare. 

Bare. 

Bare. 

Bare; young. 
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Pkwotoma Curricula, Mbni. Moderately rare. 

UtHeuhu oibtuiui, Mont Moderately 

, var. L(^onk(Ureana, Bare. 

POLYZOA. 

CdMaria reptont, Linn. Bare. 

MetUpea tematOy var. EUis and Solander. Bare. 

MtnUmmipora craJtieulay Alder. Moderately common. 

LeprdUa PeackHf Johnston. Bare. 

tubuJMCk, Noxman. Bare. 

Crina eftumeo, Linn. Bare. 

DkoopovdUk Orignoniermi, Busk. Bare. 

— ^— — JloicuUUf Hincks. Bare. 



Balanu8 balanoida, Linn. 
ereruUu8t Brag. 



— porcatus, Da Coeta. 



Verruca StrSnUa, Mliller. 



CBUSTACEA. 

GIRBIPEDIA. 

Bare. 

Moderately common. 
Ck)mmon; large. 
Moderately common. 



ArgiUaeia cyliruhriea, G. O. Sars. 
Cythtre pellucida, Baird. 

■ ecutaneaf G. O. Sara. 

poredlanea, Brady. 

hUea,Mm. 

- limicola, Norman. 

conciniui, Jones. 

tuberculata, Q, O. San, 

angidaUif G. O. Sara. 

- Dundmeniis, Nonnan. 

vtruitt, MttU. 

enuMytnoto, G. O. Sars. 

Oiftheridea SorbyanOf Jones. 



pwictiUakt, Brady. 

— — — papmotOf Boeqaet. 
Eucyihere Argust G. O. Sars. 
Loxoconcha tamarindiu^ Jones. 
^-^— impressetf Baird. 
Oythervra dathrata, G. O. Sars. 

angulata, Brady. 

nndata, G. O. Sars. 



. iSonti, Brady. 



OffTBACODA. 

Moderately rare. 

Common. 

Moderately rare. 

Bare. 

Oonmion. 

Common. 

Common. 

Common. 

Common. 

Moderately oonmion. 

Bare. 

Bare. 

Bare; hitherto only found on the 
west coast at Tangy Bom, but 
common in the day beds of the 
east coast 

Common. 

Common. 

Bare. 

Common. 

Bare. 
Bare. 

Moderately rare. 
Moderately common. 
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Cytherura ntgretceni, Baird. Common. 

— ffriotay G. O. San. Moderately commoD. 

Oytheropteron loHstimum, Norman. Moderately conmion. 
— -— — ^ Montroaieiue, Brady, Cro8»- Rare. 

key, and Robertson. 

Byihocythere dmplex, Nonnan. Moderately common. 

cofutrictci, G. O. San. Rare. 

SclerochUuB contortiu, Nomum. Moderately rare. 

Paradowstoma variabiles Baird. Rare. 

^— JUxuomtmj Brady. Rare. 

— » »P' Rare. 

Pclycope oHncularis, G. O. San. Rare. 

ANNELIDA. 
Serpula vemUcularia, Ellis. Moderately common. 

Spirorbis ipiriUufa, Linn. 

ECHINODERMATA. 

ECHmOIDBA. 
Bchinua DrSbachientia, MtilL, Plates & spines. Moderately rare. 
Starfish plates and spines. 2 species. 

SPATANOIDiE. 
Plates and spines. 

FORAMINIFERA. 
Gomutpira foUaceOf Phill. 
JSUoculina rinffenSf Lamarek. 

c^nit, D'OrHgny. 

elonffaia, D'Orb. 

dqntsio, D'Orb. 

carinata, D'Orb. 

TrUoculina BrongniarUi, D'Orb. 

^— tricarifuUa, D'Orb. 

Q^inqudoctdina tenUntUuffi^ Linn. 
— ^— — iecanSf D'Orb. 



agglutinans, D'Orb. 
• Feruataciiy D'Orb. 
- subrotunda, Mont. 



Liiuola Canariensis, D'Orb. 
Lagena ndeata, Walker and Jones. 
-^— - IcBvia, Mont. 

ttriata, J)*Orh. 

BemistriatOf Williamson. 

apietdatOf Renss. 

ditioma, Parker and Jones. 

, var. 
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Zo^eiia jMo«a» Mont 

ooudoto, D'Orb. 

I marginakt, Mont. 
-— ^— tqwmMa, var. heaoagona^ 
DentaUna comobritut, D'Orb. 
OriiteUaria rottdata, Lam. 
Polymorphina eompTe u a, D'Orb. 
otiUmgc^ Brown. 

gQHM, D'Oib. 

Oklfngerina bulUndea, D*Orb. 
TexUdar{avanaba4s,WUL 
VernmiUnapolytinphaf Betua. 
BuUmma marginaki, D*Orb. 
pupaideit D'Orb. 



- ovato, D'Orb. 



Virgtdina $quamo§a^ D'Orb. 

BMvina punOata, D'Orb. 

JKiooMna gloibuUvrii, D'Orb. 

Planofbulina MedUerranensa, D'Orb. 

Truncaiulina lobaiula^ Walker. 

RotaUa BecearUf lamL 

PdyiUmdla striatopuncUUa, Fichtel and Moll. 

Nimumina astenmnif F. and M. 

PORIFERA. 
CUona cdaia, Gfant. Moderately common. 

PLANTS. 
Mdobaia polifmorpka, Linn. Very common. 
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29th OcTOBKRy 1874. 

Annual Business Mebtino. 

Mr E. A. WiiNSCH, Fice^Preiident, in the Chair. 

Mr D. Bbll, Beaetaxy, read the Report for the preoeding year, of which 
the following is a sammaiy : — 

Mbmbbbship. — ^The number of ordinaiy members on the roll is 
eqnal to the ayerage of seyeral' of the Society's most prosperoas 
yean. The Coondl haye again to remark on the increase of what may be 
termed the '^flactoating margin''— the number leaying or oeasing to be 
members from year to year. They would therefore again uige upon the 
friends of the Society the necessity of renewed exertions, especially at the 
commencement of the Session, to increase the membership so as to make 
aUowanoe for such changes, and that the Society may be maintained both 
financially and in other respects. The Council deem it yery desirable not 
only that the income of the Society should suffice to meet its ordinary 
expenditure, but also that a surplus of some amount should be available 
for the purdiase of important Geological Books, Memoizs, and Essays, from 
time to time, and also for purposes of research connected with the G^eology 
of the West of Scotland. 

Ordinabt Mbbtinob.— These secured an ayerage attendance during 
the Session, and the papers read embraced a yariety of topics both of 
local and more general interest. While the Council express their 
continued obligations to those members of the Society who haye frequently 
brought forward papers, they would express the hope that some of the 
younger members may also be induced to take part in this branch of the 
Society's work. Some of the corresponding members haye again to be 
thanked for contributing yaluable papers. 

The Sfsgimsnb exhibited were of considerable interest^ and their 
examination and comparison proyed, as usual, one of the most instructiye 
features of the Society's proceedings. 

The Elbxbntart Lkctures were not resumed hist Session, for the same 
reason as that giyen in bst report, yiz., in consideration of the excellent 
course of Lectures deliyered in the Mechanics' Institution. The Conncfl 
haye much gratification in observing the interest in Qeology which these 
lectures have been the means of diffusing, as shown by the number of new 
members which the Society obtained from amongst those who attended the 
course refened to. As is well known to the Society, Mr M'Master, a former 
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member of your Goandl, and one of the Vioe-PreBidentB of the MeohanioB^ 
Institation, who is now in Canada, took a special interest in this depart- 
ment, and was the means of bringing forward many aoceasions to the 
membership. The Cooncil therefore beg to reoord their sense of the valae 
of his services. 

EzouBSiOKs.— These, the Council are happy to state, were well attended, 
and were found to be of much interest and benefit to the memben. The 
localities visited were High Blantyre, Giffiiock, Coiriebuni, Beith, and 
Craigenglen, as also a special excursion on the Queen's Birth-day to 
Eilleam and the Blane Valley. The Council record their obligations 
to Messrs. Glen, Dewar, Young, Craig, and Dairon, who conducted the 
several excursions; ako, to Mr James Thomson, F.G.S., for his valuable 
assistance on several occasions. 

MusBUM. — ^Amongst other donations to the Museum during the past 
year, has been a valuable collection of rocks and fossils firom Canada, 
forwarded through Mr Archd. Robertson, by Mr A. R. Selwyn, F.G.S., 
Director of the Geological Survey of Canada, to whom the Council have 
duly tiansmitted their acknowledgments. 

The Library continues to be largely made use of, particularly during 
the Session, by the members; and the thanks of the Society are again due 
to Mr Bichard Neilson, for kindly continuing his services as Librarian. 
The want of additional accommodation has been increasingly felt, and this 
the Council hope to remedy at an early date. A friendly correspondence 
and interchange of publications is maintained with numerous Societies in 
Gbeat Britain and abroad, and the Transactions and Memoirs, thus 
regularly received, form a most useful portion of the Library. 

Transactions.-— As was intimated by droular, the Third and conclud- 
ing Part of YoL lY. was issued during the summer Session. Some of the 
papers, which will form the first Part of YoL Y., are now in the press, 
and it is hoped the Part will be pubUshed in January next. 

The Council regret that, owing to Professor GeiMe's engagements 
otherwise, he has not yet been able to overtake the revision of his memoir 
on the Glacial Drift, as promised last year, but hope that it will be in 
hands before another Session. 

The Council trust that the Session which is now opened will show no 
diminution in the zeal of the members, nor in the interest attaching to the 
proceedings; and they hope to receive, as hitherto, the cordial co-operation 
of all the members and office-bearers in carrying on the work, and in 
extending the influence of the Society. 

Mr John Wight, C. A., Treasurer, read the financial report for the year, 
(see abstract on page 336), after which the report was duly approved ol 

The Chair]£an said that before proceeding further with the business of 
the evening, he had a very pleasing duty to discharge. As many of the 
members were aware, one of their Yice-Presidents, Mr John Youngs who 
had long been identified with the Society, had been lately appointed Leotoitr 
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on Creology to the MechaDics* lostitntion. It seemed, therefore, to 
some of Mr Yoaog's friends, both in this Society and beyond it, to be a 
fitting occasion to testify in some way their respect for him, and their 
good wishes for the work in which he was about to engage. The move- 
ment had been singukrly spontaneous and cordial, and the result was that 
he had now the yery great pleasure, in the name of the subscribers, of 
presenting to Mr Young the articles before him—namely, a diploma 
of Life Membership of the Creological Society of London, an elegant 
aneroid barometer, and a purse of sovereigns. He requested Mr Young's 
acceptance of these as a token of the appreciation in which the services he 
had rendered, not only to this Society, but to the science of geology, were 
held, and of the hope and expectation which were entertained that his 
labours in communicating to others what he so well knew himself 
would be abundantly successful 

Mr YouvG made a feeling and suitable reply. 

Mr David Sandbuan, chairman of the Mechanics' Institution, expressed 
the pleasure he had in being present to witness what he would call an act 
of simple justice, not only to Mr Young, but to themselves, and his 
confidence that, as a teacher of the science, Mr Young would be of the 
greatest service to the Institution in which he was about to labour. 

Mr D. Corse Glen, C.K, exhibited some specimens of iron ores and 
also of rock salt firom the north of Ireland. The iron ores were from the 
woitkB of the Lame Iron Ore Mining Company at Shanes oi Ccaigiehill, 
about five miles ficom Lame, County Antrim. The mines are worked by 
a level into the side of the hill, known in western Scottish coal-mining as 
an ''ingaun' e'e." The top bed is the richest, and is of a greenish giey 
colour, with small black nodules — hence called Pisolitic iron ore; it has an 
average thickness of 2^ feet, contains about 40 per cent of iron, and is 
very free from sulphur and phosphorus. The second bed is inferior in 
quidity, varies in thickness from five to seven feet, and contains about 
23 per cent, of iron. These two upper beds are worked together, and the 
ores mixed. The third or lowest bed, called lithomarge, is from 20 to 
30 feet thick, but is of very poor quality, containing only about 12 per 
cent, of iron. It has more the appearance of coloured day, soon filling 
into dust on exposure to the weather, and is only usefrd as a flux in 
smeldng some of the richer hematite ores. These ferruginous beds which 
he had described occur interstratified through the basaltic rocks of the 
district, and are considered to be the result of the decomposition of 
trappean surfiioes during the intervals between the successive vdcanic 
eraptions. The greater part of all these Antrim ores is shipped from 
Lame, and other ports along the coast, to Cumberland and Wales, to be 
mixed with richer ores in smdting. The specimens of rock salt were 
from Dunorue salt mine, about eight miles from Belfut This mine;, 
which is in the New Bed Sandstone, reaches a depth of 112 &thoni«. 
The deposit is more than 150 feet thick, and was discovered in 1860, ia 
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boring for coal. It is wrought in steps or galleries, large square pillars 
being left to support the roof, and on the whole has much the appearance 
of the Giffhock sandstone quarries, which most of the members have visited. 

Mr Mater, at the request of the Chairman, gave some information 
regarding the valuable ironstone deposits in County Down. 

Mr Daniel Wilson laid on the table some interesting specimens of 
quartz and slate rocks from Easdale and North Wales. 

Mr John Burns exhibited some beautiful examples of rock-crystals 
from the granite quarries of Aberdeenshire. 

Mr John Touno, F.G.S., Vice-President, made some instructive 
remarks on the specimens which had been brought forward, and moved 
the thanks of the meeting to the exhibitors, which were cordially agreed to. 



12th November, 1874. 
Mr E. A. Wunsch, Vice-PreHdent, in the Chair. 

Mr David Sandeman, Mr John Farquhar, and Mr J. M. Boss, were 
elected Life Members; and Mr WUliam Bobertson, C.E., and Mr Bobert 
Marshall, Besident Members of the Society. 

Mr Thomas Naismith exhibited a beautiful collection of fossil ferns (torn 
Mount Yemen and Cambroe; also, well-preserved heads of Woodierinus 
from the Carboniferous limestone of Bichmond, Yorkshire. 

Mr Peter Dewar submitted an interesting suite of Carboniferous fossils 
from the limestone quarries at Orchard. 

The Chairman gave a preliminary notice of an interesting discovery 
which he had recently made in Arran, during a joint exploration of the 
northern part of the island with Mr James Thomson, F.G.S. As was 
well known to the members, the age and geological position of those large 
masses of red sandstone adjoining the Carboniferous series of Arran has 
hitherto been doubtful— some geologists viewing them as part of the 
Carboniferous series, others thinking they might be of later date. In 
the course of their examination of these sandstones, they came upon a 
bed of conglomerate of highly glacial aspect, enclosing angular fragments 
of various volcanic, schistose, and limestone rocks; and in the latter Mr 
Thomson's keen eye detected the familiar aspect of Carboniferous shells 
and oonJs. Having once obtained this clue, it was not difficult to find 
other beds at higher and lower levels, containing similar traces of Carboni- 
ferous fossils, thus fixing these massive beds of sandstone as undoubtedly 
of Lower Permian age. The character of the rocks at the north end of the 
island being thus determined, there was little doubt that the still more 
massive sandstone, south of the great anticlinal at Glen Sannox, would be 
found to be of the same age, and this point was hopefully reserved for 
future investigation. 
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CABBOiriFEROUS POLTZOA. 

Mr J. YouNO, F.G.S., Yioe-President, read a joint paper by himself and 
Mr Dayid] Robertson, F.G.S., entitled, " Note on the Polyzoa of the 
Hairmyres Limestone Shale, East Kilbride." (See p. 173.) The authors 
exhibited a large suite of finely-preserved and beaatifully-mounted speci- 
mens of the various organisms, which were examined with much interest 
by the members. 

The next paper was by Mr Dugald Bell on " Glacial Mounds near 
Balquhidder, Perthshire." (For an abstract see p. 234.) 

Thanks were voted to the authors of papers and exhibitors of specimens. 



10th December, 1874. 
Mr John Young, F.G.S., Viee-PreHdent^ in the Chair. 

Mr James Dairon and Mr Thomas Lamb were elected Life Members; 
and Messrs Joseph Taylor, John Belch, John Munro, John Wilson, 
Donald M'Gr^or, James Allan, Alexander Hill, John Thompson, Richard 
Sandeman, John Stevenson, James Galbraith, LL.B., and James White, 
Resident Members of the Society. 

Mr James Nbilson, jun., exhibited a selection of fossils from the Irish 
and Scottish limestone beds, and read a paper " On the Armagh Limestones, 
and their equivalents in Scotch strata." After describing the general 
succession of Carboniferous strata in Ireland as consisting of the following 
divisions, in descending order — coal measures, millstone grit, upper, middle^ 
and lower limestones, and Carboniferous slates, resting on the Old Red 
Sandstone — he remarked that the upper portion of the Old Red Sandstone 
might probably be added to the Carboniferous system, as it contained 
many remains of plants, and seemed to be the equivalent of the Ballagan 
series in the West of Scotland. The '* Carboniferous slates" include the 
Eildress sandstone, which consists of red and yellow sandstone, and beds 
of limestone containing AthyrU, Spirifera, EhynckoneUa, &c. The three 
divisions of the limestone — lower, middle, and upper — ^present a develop- 
ment very different from that found in Scotland. Here we have great 
beds of shale, with comparatively thin beds of limestone; there, on the 
contrary, the limestone is of great thickness, with thin beds of shale. 
Some sections show many hundred feet of limestone, simply parted by thin 
bands of shale here and there. These limestones cover the greater part of 
the South and West of Ireland, '^ choking out," as it were, the upper coal 
measures, which only exist in small detached patches. The Armagh lime- 
stones belong to the lower division, and correspond with those found in 
Scotland at Campsie, Kilbride, Carluke, Lesmahagow, Muirki^ and 
Beith, as well as at several points on the East Coast So far as regards 
the fossils, the limestones at Beith present the most striking likeness to 
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those of Annagh. The latter have long been ftunoos for their fish remarns. 
These were collected in the last generation by Admiral Jones, and at the 
present time the Earl of Enniskillen has obtained a large and splendid 
saite of fossils from these beds. These fish remains were first described by 
Agassiz; they are also figured in ''Portlock's Geological Report of Lon- 
donderry/' and in ''Sedgwick and M'Coy's Paheozoic Fossils." With 
the assistance of these works Mr Neilson. had identified 21 species, 14 of 
which are found in Scotland. He condaded by pointing out the character- 
istics of several of the species, and calling attention to their state of 
preservation, which, in many cases, was equal to that of the best Scottish 
specimens. 

Mr Jamis Dairon read a paper '' On the Graptolites of the Upper 
Lhindeilo Rocks of the South of Scotland," (and which, incorporated with 
a subsequent paper, will be found at p. 176.) Mr Dairon's paper was 
illustrated by drawings, and by a fine collection of specimens. 

Several members having spoken, the Chairman said that he was glad 
to see members of the Society taking up special branches of Palseontdogy, 
and working them out so carefully as the authors of the papers which 
had been read. He considered it the true way to prosecute the study of 
the science, and one that would contribute much to the interest of their 
meetings as a Society. He then noticed some of the points which had 
been alluded to by Mr Neilson and Mr Dairon, and concluded by convey- 
ing the thanks of the meeting to these gentlemen for their oommnnications, 
and for the specimens they had brought forward. 



14th January, 1876. 
Mr John Toung, F.G.S., Vie&-Pre9%dmty in the Chair. 

Messrs David Fulton, John Mayer, William Rodgers, C.E., and Peter 
Wright, were elected Resident Members. 

Mr Thomas Naismith exhibited a beautiful suite of fossils from 
various formations, from the Lower Silurian to the Lias and Oolite 
inclusive. The variety and beauty of the specimens were much admired. 

Mr Joseph Somervillb brought forward an interesting collection of 
sheUs from the Carboniferous shales of the Gksgow district 

The Chairman made some remarks illustrative of the specimens, and 
returned the thanks of the meeting to the exhibitors. 

Mr DuGALD Bkll read a paper ** On the Geology of Switzerhwd," an 
abstract of which will be found at p. 236. 

The Chairman suggested that some points in the paper ought to be 
taken up for discussion on a future evening, and in the meantime conveyed 
the thanks of the meeting to Mr Bell for his interesting and instructive 
coiumuuiciition. 
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28th Jakuart, 1876. 

Special Mbetino. 

Mr K A. WiiNSCH^ Viee-Prendent, in the Chair. 

A letter was read from Dr James Bbtce, F.G.S., expressing regret at 
his inability to be present, and requesting the Society's aooeptanoe of some 
geological diagrams and specimens which he forwarded. 

The donation included Geological maps of the Crimea, of the Lake 
district of England, and of the North of Ireland, also a yaluable suite of 
fossils illustfatiye of the Geolpgy of Skye and other parts of the North- 
west of Scotland. 

The CHAimcAN moved a cordial vote of thanks to Dr Bryoe for his 
friendly and generous gift, and the Secretaiy was instructed to oonyey the 
same in due form. 

Mr James Daibon loade some remarks upon Mr Bell's pi^ier on 
Switzerland, expressing doubts as to the erosive action of glaciers, and 
stating that during a visit he had paid to that country, he had not seen 
anything like boulder-day. 

Mr John Youno, F.G.S., Vice-President, stated that he conceived the 
true theory of the formation of boulder^clay to be, viz., that it was sub- 
marine, or at least, formed under the seaward extension of the ice-sheet. He 
opposed the views of Mr James Geikie and others, and thought that if 
any boulder-day existed in Switzerland, it must have been deposited by 
the glader ice in lakes. 

The Chaibman made some observations, and Mr Bell then briefly 
replied. 



llTH February, 1875. 
Annual Business Mbetino. 

The Annual Business Meeting for the dection of office-bearers was 
hdd in the Natural Philosophy Class-Boom, University, Mr K A. Wiinsch, 
Vice-Pretident, in the chair. 

Messrs. 0. Niven and Alexander Leitch were dected Resident Members. 

The Society then proceeded to the election of Vice-PresideDts for the 
ensuing year, the President's term of office having still a year to run. 
The result was therefore as follows:— 

Preiidewt— Sir William Thomson, LL.D., F.R.S., &c, Professor of 

Natural Philosophy, University of GLisgow. 

Fic«-Pr€fiden<i— Edward A. Wunsch, John Youno, F.G.S., Jambs 

Thomson, F.G.S. 
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The hour for the deliyeiy of the Preddent's address haying amved, the 
electioii of the other Office-bearers was postponed nntil next meeting. 

Sir William THOiisoK, the President, then delirered a veiy able and 
comprehensiye address on *' Underground Temperature." 

Mr WixNSCH proposed a cordial yote of thanks to Sir William Thomson 
for his interesting and suggestiye remarks, which was carried by acclama- 
tion. 



llTH March, 1875. 

Abjournbd Aswal Business Mbbtino. 

Mr John TouNOy F.G.S., Vice-PresiderUy in the Ghiur. 

The results of the election of the remaining Offioe-bearen were as 
foUows: — 

Corresponding Seeretary — ^Duoald Belu 
Joint Secretary— JoHTX BniiN& 
Treflwtwer— John Wight, O.A. 
Librarian— HiCHARD Neilson. 
Other Members o/CotinotZ— Archibald Robbrtson, Joseph Somerville, 
David Sandeman, John Orr, Daniel Wilson, Hugh MThail, 
James Dairon, Arthur Pratt, Thoicas Naismith, Thomas M. 
Barr, D. 0. Glen, David Robertson, F.G.S. 

The Hon. The Lord Provost (James Bain), Messn Paul Bottenboig, and 
Robert Raphael were elected life Members. 

The following papeis were then read:— (1) ''On a Tract of Vertical Trees 
in Carboniferous strata." (See p. 184.) (2) ** On River Debris found in 
Sandstone,*' by Dr William Grossart of Salsbuigh, corresponding 
member. (See p. 188.) 

An interesting discussion followed, in which Mr James Neilson, jun., 
Mr James Thomson, F.G.S., Mr E. A. Wiinsch, Mr Thomas Barr, and 
the Chairman took part. The Secretary was instructed to convey the 
thanks of the Society to the author for his valuable communications. 

Mr Thomas Naismith exhibited a fine series of Arctic shells from the 
well-known day-beds at Dalmuir. The shells were in good preservation, 
and were much admired. 
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25th March, 1876. 
Mr John Young, F.G.S., Viee-PrenderU, in tihe Chair. 
Special Meetikg. 
Mr D. Cameron moved, and Mr A. Robertson seconded, the adoption 
of the following resolutions, which were unanimoosly agreed to: — 

(1) " That it IB the opinion of the members, with all respect to the 
present Vice-Presidents, that more frequent changes in those elected to 
that office than have of late been the case woold be advantageous to the 
interests of the Society, and that the Council be requested to £nme such 
alteration or additions to the Kules as they may deem expedient, and 
submit the same to the members for approval" 

(2) ** That the members deprecate the haste with which it has of late 
been necessary to conduct the election of Office-bearers, and recommend 
that in future a Special Meeting of the Society should be called for that 
purpose." 

In aooordanoe with these Resolutions, it was remitted to the Council to 
consider and bring forward such amendments in the laws of the Society as 
might seem to be desirable. 



16th April, 1876. 
Mr John Young, F.Q.S., V%c&-PreMent, in the Chair. 

Messrs Alexander Whitelaw, M.P., John Tennant, Thomas davering, 
John Dron, W. Smith Yuille, Bailie William Collins, were elected Life 
Members; and Messrs John Young and Robert Murdoch, Resident 
Members. 

The Corresponding Secretary laid upon the table copies of the 
amended Constitution and Laws of the Society as approved of by the 
Council, and gave notice that their adoption would be moved at next 
meeting. 

Mr James Thomson, F.G.S., Vice-President, read a paper ^' On the 
Geology of the River Liddell, Dumfriesshire," in which he described some 
of the fine sections exposed along the banks, which showed wonderful 
contortions with great faults and '' downthrows *' of strata. He also 
referred to the identity of the fossils found in a band of impure limestone 
in that district with those found in many parts of the Ayrshire and 
Lanarkshire coalfields. Mr Thomson illustrated his remarks by a sketch 
representing a section of the countiy for a distance of about 20 miles. 

Mr WiiNSCH and Mr Bell having made a few remarks, to which the 
author briefly replied, 

Mr Thomson then submitted some notes on new species of Carboniferous 
Corals, giving particulars of his recent investigations into that group. He 
exhibited a number of photographs and of plates beautifully executed by 



Digitized by 



Google 



PROCBEDINQS FOR THB YEAR 1874-75. 319 

a new process, and which showed the Tarieties of Conl textaie, which 
had been recently brought to light 

Mr David Robertson, F.G.S., brought forward an interesting and well 
arranged collection of shells from the Raised Beach at Cambrae. A 
paper by Mr Robertson on the Post-tertiary deposits of the island was 
unavoidably postponed. 

Mr WiiNSGH, Vice-President, exhibited a fine suite of minerals and 
fossils from Japan, and the thanks of the meeting were awarded to him, as 
well as to Messrs Thomson and Robertson. 



29th April, 1875. 
Mr John Young, F.G.S., Vice-PreHdent, in the Chair. 
Messrs John Whyte, Alexander M'Ouat, James Ooutts, Archibald 
Fawcett, and Rev. R. M. Gibson, were elected Resident Members. 

After consideration of the amended Laws of the Society, tabled at last 
meeting, it was moved by Mr Eirsop, seconded by Mr D. Cahxron, and 
agreed, that they be passed and adopted as the Laws of the Society. 



13th May, 1875. 
Mr £. A. WiiNSCH, Vice-Freaident, in the Chair. 

Messrs David Murray and John Belch were elected Life Members. 

An interesting paper '* On a Raised Beach at Cumbrae," was then read 
by Mr David Robertson, F.L.S., F.G.S. (See p. 192.) 

At the dose of the paper, which was illustrated by a fine series of shells, 
etc., some remarks were made by the Chairman, Messrs John Youno, 
F.G.S., and Jambs Thomson, F.G.S. 

Mr Thomson then read a paper, entitled, *' On the Geology of the 
Island of Islay," (see p. 200), illustrating it with a large series of rock 
specimens, and by maps and sections. 

Mr James Neilson, jun., read a paper, '' Notes on the Geology of the 
Railway Cuttings between Bdlgrove and Springbum," (see p. 222), and 
showed a number of specimens of fossils from the sections exposed during 
the work. 

Messrs John Yottno, F.G.S., and James Armstrong read a paper 
** On the Fossils of the Orchard Limestone series," (see p. 250,) in con- 
tinuation of previous papers by the same authors. Mr Young exhibited 
a beautiful series of the Foraminifera and other minute fossils found 
at Orchard, while Mr Armstrong showed an equally fine series of Brachio- 
poda, and the larger organisms. 

The Chairman made some remarks, congratulating the members upon 
the happy conclusion of the Session. 
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PEOCEEDINGS FOE THE SESSION 1875-76. 



Obdinabt Meeting. 

28th October, 1876. 

Mr E. A. WiiNSCH, Fice-PreHdentf in the Chair. 

Mr William Murdoch was elected an Ordinary Member of the Sociefy. 
Messrs Hogg and Baxter were appointed Auditors of the Treasurer's 
acconnts. 

Mr Arthur Pratt exhibited a specimen of Albertite from the minesy 
Albert County, New Brunswick, Nova Sootia, which was supplemented by 
other specimens shown by Mr D. C. Glen, and by Mr John Young, F.O.S. 
The latter, in making some explanatory remarks, 8aid--Albertite is a 
bituminous mineral, as black and as brilliant as jet, with a fine conchoidal 
fracture. It is found filling veins which traverse the strata in a nearly 
vertical position, and varying from 1 to 16 inches in thickness. It is closely 
related to asphalt, melting in the flame of a candle and dissolving in naphtha 
and other solvents. On an average it yields 110 gallons of crude oil per 
ton, of which 70 per cent, may be made into a brilliant lamp oiL Albertite 
has been discovered in Sntherlandshire in rocks near the junction of the 
Old Bed Sandstone with the metamorphic schists, and is said to be of 
quite as fine a quality as that from the New Brunswick mines. Un- 
fortunately it has only been met with in veins rarely exceeding from one 
to two indies in thickness, which renders it commercially useless. 

Mr Robert Craig, Langside, Beith, Coiresponding Member, then read 
a paper entitled " Notes upon a Shell bed at the West-end of Arkleston 
Tunnel, near Paisley." In the course of it Mr Craig said — ^This shell- 
bed lies in a hollow in the boulder-clay, immediately at the west end of 
the tunnel, and rests against the rock on the north side of the railway, but 
not so on the south side. It has on the north side a depth of 14 feet at 
the place where the foundation for a bridge has been dug out, being seven 
feet below the line of rails, and extends along the north bank of the 
cutting, rather irregular in thickness, for a distance of 72 yards, when it 
finally thins off. Jt has been exposed in breadth about 30 yards, its out- 
crop being to the south of the railway, with a trend running north-west. 
On this side its thickness is never above two feet, deepening as it dips to 
the north, or rather north-east, which is the tnie dip. Shells are found 
throughout all parts of the bed, but are more abandant in thin bands of 
muddy sand which are intercalated in it, and in the bottom just overlying 
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the boulder-day, than they are amongst the day itselL The day, of 
which the bed is prindpally composed, is veiy similar to the bikk-clays of 
the locality — a little more muddy, perhaps, where it assumes its greatest 
depth. Near the outcrop it is finely laminated, but here sheUs are not so 
plentiful as where the depth is greater, and where the lamination is not so 
well marked. How hi it extends northwards we hare at present no means 
of ascertaining, but there is a probability that it has a considerable area in 
this direction. As already mentioned, it lies upon a bed of boulder-day, 
the dimensions of which we have no means of knowing, but so fiir as cut 
into, it is a very soft muddy day, full of small stones, with very few large 
boulders. It abuts against the rock through which the tunnel passes, but 
does not rise to the lerel of the rails on the north side, while reaching a 
few feet above them on the south side of the railway. For about 50 yards 
westwards from the tunnel its height above the rails runs from 3 to 5 feet, 
but at that distance it rather suddenly rises to 18^ feet above them, and so 
continues for a hundred yards, when it again decreases, and finally dips 
below the line at a distance of 300 yards west of the tunnel The north 
bank follows the rise and fall of the south bank, but owing to the boss of 
boulder-clay dipping to the north, it is thinner by 6 feet on this side. It 
will thus be perceived that a hollow exists between the rock and the place 
where the boulder-day reaches its greatest height, and in this hollow has 
been preserved the shell-bearing laminated day. Overlying the shell-bed, 
south of the railway and abutting on the rock, is a bed of very fine white 
sand, free from stones, and about 10 feet thick. Upon this rests a bed of 
coarse gravel, 9 feet 9 inches in thickness. Ndther of these beds contain 
shells, but both are finely laminated. They thin off towards the north and 
west^ and are cut out about 60 yards west of the tunnd, where the boulder- 
clay rises to 18 feet above the rails. Portions of them again appear when 
the boulder-clay begins to dip, and they continue at a reduced depth about 
400 yards west of the tunnd, where they sink bdow the levd of the nil- 
way. On this west side of the boss of boulder-day, patches of the 
laminated shell-day are found, but containing no shells, as they have most 
probably decayed from the action of air and water percolating through the 
overlying coarse gravelly soil, which is at this place not more than two feet 
thick. As, on the north side, near the tunnel, the shell-bed is covered by 
oply one foot seven inches of earthy sand, it is evident that the overlying 
beds, at this point, have been removed by human agency, and it is probable 
tbht this was done when the railway was originally made, just as the sand- 
bed on the opposite side is now being removed for buUding purposes. 

Mr JoB3^ YouKQ, F.G.S., gave some very interesting additional details 
regarding the great shell-bed, of which this forms a portion, and which 
fringes the estuacy of the Clyde on both sides and at various levels. He 
mentioned, inddentally, that the bamade-covered boulders, latdy brought 
up in the dodc-buildhig operations at Stobcross, were encnisted with a 
Balamu^vtaJil living in our seas— £. baianaides. 
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Mr Jambs Thomson, F.G.S., said, in speaking of the importaaoe ci 
Mr Craig's paper, that the trap bed abont to be cut through at Arkleston 
was perhaps one of the most interesting in Scottish geology, and that 
members should pay particular attention to the forthcoming operations at 
this place. 

A paper ^ On a Shell Deposit near Largs,^ was then read by Mr David 
Robertson, F.G.S. The last excursion for the season, in the summer 
of this year, was to Largs, under the guidance of Mr Wiinsch, the 
particular object of interest being a shell deposit which he had discovered 
between tide marks, and about a quarter of a mile west of the town. 
Whether this deposit belongs to the old Raised Beach or to lower lying 
silts, or whether it is a comparatively recent deposit, might be difficult to 
decide satisfactorily, as the shells of all these three are found living in the 
neighbouring seas, while both Ostracoda and Foraminifera, being more 
cosmopolitan than the MoUusca, and of more variable distribution, afford 
little chronological help. The deposit consists of muddy sand and shell 
debris, about a foot in thickness, resting on red till and quite near the surface, 
being covered by only a few- inches of sand and washed over by every 
tide. One remarkable feature is the great abundance of the mollusc Peden 
maximus, A considerable number of specimens were dug up by the party 
during the short time allowed by the tide, but nothing compared to the 
quantity collected by Mr Wiinsch, who, with four assistants, dug up 
twenty dozen during one ebb tide. Most of these shells had the valves 
together, and were lying with the concave side down as in life, few 
of them being broken or in any way water-worn. One valve of P. 
maximtu was found, having adherent to it a huge specimen of 
Bdlanui porcaliu—A fSact of considerable interest connected with this 
deposit, and the first occurrence of the connection in the author^s 
experience. This BdUmus is of frequent occurrence on PecUn IdandieuB, 
a mollusc not now living in our seas, but which survives in every part of 
the Arctic Ocean at depths, according to Jeffreys, ranging from 15 to 150 
fathoms. The frequent presence of krge B<Uan% on Pecten Idandieu$, 
and their absence on P. maximus, has been supposed to mark a 
distinctive character between the Pectens of the glacial days and those of 
the raised beaches, but may be accounted for by the fact that BaUmut 
porcatui appears to have been greatly more plentiful when Peeten 
Idandicus lived in our seas than during the formation of the old Raised 
Beaches, for we seldom meet with Bcdani in these latter, nor are they 
indeed common in the Firth of Clyde. As stated above, all the Mollusoa 
of this deposit still live in neighbouring seas. There is, however, one 
exception, as in this bed there was met with a specimen of AstcvrU 6or«ilw, 
which is a common shell in glacial deposits, but has for the most southern 
known limit of its recent habitat, on the authority of Jeffreys, Kiel Bay 
in the Baltic. Belonging to a group quite different from that in which it 
was found, there can be no doubt that this specimen has come fitom a 
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gladal depoBit which is known to exist at a short distance along the shore 
towards Fairlie^ and it can therefore give no character to this bed. 
That the Mollusca of this deposit do not belong to an old sea-beach may 
be reasonably inferred ficom the fact that many of them have their valyes 
together and are lying in their natural position as they had lived, and are 
In no way drifted up or promiscnonsly huddled together as they would be 
in an old sea-beach. Neither can it be supposed that they belong to 
recent deposits, as Pecten maoMma is fax from being common in the 
Firth of Clyde, perhaps only one or two being met with in a day's dredg- 
ing. It is nerer found liying gregariously between tide marks, nor eyen 
to be seen at all between high and low water. Forbes says it has a range 
of ficom 3 to 40 fathoms, bnt occurs most abundantly on the banks of 
P. opereularis. Jeffreys says, that it is often gregarious on banks, in 
7 to 8 fathoms water, but there nowhere appears mention that it has been 
found within the littoral belt Such fiicts appear to lead unavoidably to 
the condosion that these Mollusca lived and died where they now lie, and 
at a time when the sea stood higher than at present; and that althon^ 
they never formed any part of the old beach, it is quite possible that thqr 
were contemporaneous with it, and were inhabiting the deeper reaches of 
the sea when the beaches were forming at a higher level This is so fiur 
borne out by the &ot that P. imlxmmu is not unusual in the old sea- 
beaches round the neighbouring seas. Doubtless this bed is a detached 
patch of one overlying the Post-tertiaiy clays containing Arctic shells, and 
which lies between tide marks a little to the east of Fairlie. There is 
another of the same character at Golintndve. When deep-water shells 
occur in quantities within or above tide-marks, they may be referred with 
more certainty to their proper position than shells met with in positions 
corresponding to their natural habitats. In many of our silts, some of 
them of great depth, where all the organisms from bottom to top 
belong to surrounding seas, and which we may reasonably suppose were 
accumulated at very different rates of deposition, it is very difficult to 
draw any line to mark the relative time between the various layers, 
beyond what is afforded by superposition. The whole may be comparatively 
recent, or one portion may be so while another may have preceded the last 
elevation of the land, thus showing that there is no real break in the fifiuna 
between the period of glacial days containing Arctic shells and that of the 
present time, which we may look upon as a geological epoch in this country 
not yet complete. 

Mr WiiNSOH said that he had passed about 1500 specimens of P. 
maoBmwB from this deposit through his hands, having found them econo- 
mically useful for the purposes of oyster culture, in which he was at 
present making a series of experiments on a considerable scale, and that 
therefore the conclusions as to the rarity of the occurrence of BalaiMU 
poT^albm in connection with this shell were not hastily arrived at 

Mr John Touva, F.6.S., said that this moUuso was more of a southern 
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form, which was evidently introdaced after the disappearanoe of Peden 
Iskmdicus, BdUmus poreatus, and many other shells from oar neighboazing 
seas. 

Mr Jambs Thomson, F.G.S., also made some remarks on Mr Bobertson's 
paper, and more particalarly mentioned the fact that Pedm mavimiu 
was both gregarious and migratory in its habits, so that while met with 
in comparative nombers at one time in a particular locality, it might not 
again be found at or near the same place. 

Mr WiiNBCH read a paper on '^ Columnar Sandstone in Arran," in the 
course of which he said—The patch of columnar sandstone now to be 
described occurs in the New Bed Sandstone on the shore, about half-i^mile 
south of Lamlash. The portion distinctly rendered columnar is about 
three feet wide and ten to fifteen feet in length; but further portions may 
be concealed by the shore gravel, or may extend beneath the sea. The 
immediate cause of the rock having assumed this form is at once appaient, 
ficom its being almost entirely enclosed within two massive trap dykes, 
one of them ending in a remarkably sharp and well-defined wedge, as 
shown on the ground plan; the other also apparently ending in a wedge 
in the opposite direction, although, owing to the surface being oovered 
with debris, its termination could not clearly be traced. The tiap dykes 
are perpendicular, and the columns of the sandstone which are irregularly 
pentagonal, as seen in the specimen on the table, lie of course at right 
angles to the sides of the dykes. The sandstone is of a white colour, 
highly quartzose, and much indurated. The beds are nearly horizontal, 
and in the immediate neighbourhood of the columns the colour of the 
sandstone is also white, although at no great distance it merges into the 
buff and red shades, characteristic of the great mass of sandstones in this 
locality. 

Mr John ToTTNa, F.G.S., in some observations on the above paper, 
said that sandstones used for bottoming iron furnaces assumed, from the 
long-continued heat, a distinctly columnar form, often at right angles to the 
old lines of stratification, which were often quite obliterated, thus showing 
to demonstration that heat and pressure were the cause of columnar stmctoie 
in such cases as Mr Wiinsch*s interesting example. In the case of colum- 
nar sandstone from Bute, brought before the Society by Mr Glen two 
years ago, there was, however, no apparent contact with trap dykes. 

Mr D. Corse Glek, C.E., made some remarks on a quartiiferoQs 
porphyritic felstone, forming one of the beds of trap in the hills of Ganocfa- 
head, Bute. The rock is of a light grey colour, and encloses numerous 
crystals of a glassy white orthoclase felspar, and small crystals of grey 
quartz. A similar felstone porphyry is found in Arran, and probably 
belongs to the same period of eruption. Mr Glen stated that recently this 
porphyry at the Garrochhead had been quarried by the Marquis of Bute 
for the purpose of obtaining pillars and other ornamental work for the 
alterationB at Mountstnart House. For this purpose it only suits some- 
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what indiffeienUy, as the rock is much fiasared, laige blodcs not bdog 
easOy obtainable. Neither does the etooe take a very high polish, as it 
contains nnmeroos small porous cavities, while the felspar in the dystals 
is partly decomposed into a chalky white condition. This light grey 
porphyry is, however, of considerable geological interest, as it forms a 
well-marked and chanicteristic variety, which seems to be restricted in 
the West of Scotland to Bute and Arran, while it occurs as one of the 
interbedded igneous rocks amongst the ordinary varieties of trap. A speci- 
men of a recent trachytic porphyritic lava from Vesuvius was exhibited 
beside the Bute porphyry for comparison. The resemblance in colour of the 
felspar ciystals, and that of the matrix in the two rocks was very striking, 
the only difference in the Bute and Arran specimens from that from 
Vesuvius being the free crystals of quartz, which, however, may have been 
developed in the matrix by a subsequent metamorplusm of the rock, free 
crystals of quartz being rare in any other of the trap rocks. Mr Glen 
also exhibited two polished specimens of porphyiy from Lochfyne-side, 
much used some years ago for causewaying the streets in Glasgow, but 
now superseded by granite. One was of a light groy, the crystals of white 
felspar being distinct^ and taking on a good polish. The other had a 
reddish tinge, and a finer grain than the grey variety, but also poUshing 
welL 



18th Novbmbsb, 1875. 

Ankttal General Meetinq. 

Mr fe. A. WiiNSCH, Fice-Prendent, in the Chair. 

Messrs Itobert Kerr, H. Biddell, Thomas Brown, James Smith, 
A. 0. Bums, John Morris, and J. H. Bennet, were elected Besident 
Members. 

Mr Murdoch, Secretary, read the Annual Report of the Council as 
follows:— 

The number of Besident Members on the roll is 166 as compared with 
158 in the past year. Of these 28 are new members, showing very plainly 
that but for the enrolment of new names, the number of members would 
more or less rapidly diminish. The Council would therefore urge on every 
member the advantage and indeed necessity of bringing In new members. 

There are also from 15 to 20 members in arrear of subscriptions, some 
of which may stiU be recovered. 

An additional reason exists this year why the membership should be 
largely increased, viz., that the financial affidrs of the Society are not at all 
satisfisotory, or, in other words, that the expenditure has exceeded its 
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LiFB Membbbs. — A feftture of some importance during last year, has 
been the great acoession to the list of Life Membei8~16; which makee 
the total number on the list amount to 20. The Coancil hope that 
considerable as this list is, it may be largely increased daring the coming 
year. 

Obdivart Mebtinos.— These were well attended. Yarions papers 
were read by members, some of exceeding local interest^ while others were 
of wider scope. Notable amongst the latter was the presidential address 
by Sir William Thomson upon Underground Temperature, a subject of 
general importance, and which was treated in a way worthy of Sir 
William's great reputation. 

As remarked in last year's Beport, the Council would be ghid to see, 
more frequently than heretofore, papers, howeyer short, from some of the 
younger members, it being of the greatest importance that additions should 
continually be made to the workers in the Society. 

Ab formerly, several papers were contributed by Corresponding Membersy 
to whom consequently the thanks of the Society are due. 

The Sfbcimbns exhibited were in many instances of great beauty and 
value, those shown in illustration of papers adding much to the interat 
of the various subjects. 

ExouESiONs during Spring and Summer were as follows: — 

OOHDUOTOR. 

2ij?rtZ 24— Gleniffer Braes, . MrMTnAiL. 

May 1— Linn Spout, Dairy, Mr James Thomson, F.Q.S. 

„ 8— High Blantyre, . . Mr D. Cobsb Glen, CEL 

„ 2— (Queen's Birth-day) Castle Camp- 
bell, Dollar. 

„ 29-'CQrriebum, Mr John Touno, F.Q^. 

June 12— Largs, . Mr K A. WHsbch. 

These were well, and in some cases largely attended, and were un- 
doubtedly of much benefit to the younger members, who took the field 
under such practical leaders as the gentlemen who conducted the various 
parties, and to whom therefore the Council feel much indebted. 

The MusBUM was enriched during the Session by several gifts of 
specimens, more particularly by that of Dr James Brtge, F.G.S., who 
presented to the Society a huge series of rock specimens illustrative of the 
ecology of Skye and other districts in the north-west of Scotland. 

The Library, as in previous years, has been much made use of by 
members. The want of additional accommodation is still severely felt^ 
and it is quite requisite that at least one other book-case should be 
provided without delay. 

The exchange of publications with kindred Societies is still kept up^ 
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and the books reoeived in this way from time to time form by no means 
the least valuable portion of the Society's Library. 

Publications, — ^During the past Session Part I. of VoL V. of the Tians- 
actions was printed and issued to members. It contained a number of 
yaluable papers read between 30th October, 1873, and 16th April, 1874. 
No steps have yet been taken towards printing the 2nd Part of the 5th 
Volume, but the Council hope soon to be in a position to undertake its 
issue. The stock in hand of back Parts is considerable, and it is therefore 
hoped that members who may still have imperfect sets will complete 
them, and so help to release some of the locked up funds. 

The Cobrbbfondino Sscretaby.— Owing to his business engagements 
calling him to India, your actire and energetic Secretary, Mr Duoald 
Bell, resigned his post about the end of the Session, and though at first 
intended to be only temporary, he has since written to say that his 
resignation must be considered as final. 

Mr John Wight, C.A., read the Financial Statement (See Abstract 
on page 337.) 

The ejection of Office-Bearers was then proceeded with, showing the 
following result:— 

Pre»(fo»«— Sir William Thomson, LL.D., F.R.S., &c., Professor of 

Natural Philosophy, University of Glasgow. 
F%c&-Pres%dmta—M.eBan John Youno, F.G.S., K A. Wiinsch, and 
D. 0. Glen, O.E. 
Secretary— J. B. Murdoch, Hamilton Place, Langside. 
Joint-Secretary— JoRV Burns, 103 Main Street, Anderston. 
2V«Mwrer--JoHN Wight, 160 Hope Street 
Librofriom—RiCRAiLD Neilson, 110 High John Street. 
Afem6erfi of Council— Dayid Robertson, F.G.S. ; David Sandbman, 
Archibald Bobertson, Hugh M'Phail, Jambs Dairon, Daniel 
Wilson, Thomas M. Barr, Thomas Naismith, Joseph Somerville, 
Bobert Mason, Arthur Pratt, James Neilson, jnn. 



9th December, 1875. 
Mr John Toung, F.G.S., in the Chair. 

Messrs James Somerville, £. D. Dunlop, James Spenoe, D. M. Nelson, 
John M'Gilcbrist, James Stewart, B. M'Kay, D. Pearson, and Dr M^imie, 
were elected Besident Members. 

Mr James Thomson, F.G.S., read a paper "Upon a New Species of 
Megalichthys, one of the Ganoid Fishes." Mr Thomson stated that while 
making microscopic sections of the scales and head-plates of MegaUehtkyi 
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HMerU seyezal yean qgo, daring inTestigatbns into Af. coceoUptB and 
Af . ruffonu, he foond one scale which differed much from all the otheis. In 
Older that the points of difference might be better indicated^ he gave brief 
descriptions of some of the characteristic features of various species of the 
genus, and then said— In the new species of M^galichthys, the snout or 
premazilla is not divided by a median mucus groove, as in the other species. 
It is round in outline at the anterior extremity, terminating on the median 
Bur&ce in deep mucus grooves, and at the posterior articular process in a 
more or less pointed form. It is deeply denticulated along the posterior 
margin, which inosculates into the anterior fSeu^e of the frontal bones, these 
being more or less rhomboidal in outline, while along the muQus grooves 
they are also deeply denticulated, but there are none of the pUites on the 
orown of the head rhomboidal, as seen in Af. Hibberti, The anterior 
&oes of the parietal bones terminate more or less acuminately, and are 
deeply denticulated along the muscus grooves. The epiotics are somewhat 
rhomboidal, nanowiog at their anterior extremity, and are moi^ or less 
denticulated. The laniary teeth are minutely striated, the striie being 
larger on the concave or inter face, and they might readily be nnstaken 
for the teeth of 8trep9odu8 iaiMroides, They are also longer than those 
of other species of Megalichthys. The serial teeth are also longer and 
stouter, while both laniary and serial teeth are bent inwards. The surfEuse 
ornamentation of the head-plates, and that of the body scales, more desely 
resembles that of Af. n%!)berti than that of either of the other two species. 
In the structure, as observed in the microscope, there is, however, a 
considerable difference. The surCsuse is minutely punctured, and between 
each puncture there are numerous minute ridges, showing a somewhat 
vermicular structure. The scales on the body are rhomboidal in outline. 
It will thus be seen that the only point of agreement between all the 
forms rests on the fistct that the body scales are all rhomboidal In the 
arrangement of the head-plates there is a great difference, not only in 
outline, but in the individual arrangement The teeth also differ greatly; 
indeed, so much so, that when once seen the variations cannot readily be 
forgotten. But the peculiarity of the snout is of itself a sufficient wanant 
for pronouncing this a distinct species. Sections have not yet been made, 
but Mr Thomson was inclined to think that they would show a structure 
approximating to that of Strepsodus. As, however, no vomerine teeth 
have been found attached to the jaw, as in Strepmlus, it could not be 
referred to that genus. A thin section taken vertically from one of the 
scales, which is about l-35th of an inch thick, dispkiya microscopic charac- 
ters similar to those found in the scales and plates of many ganoid fishes, 
and so is intimately connected with the scales of Af. EH>bert%, Immedia- 
tely below the surface is an absolutely structureless layer of the transparent 
ganoine, about 1-1100 of an inch thick. Through this the punctures of 
the sucfiMe pass into a set of short vertical canals, each widening down- 
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WBids, and aasoming an obtuse conical form. At their bases they are 
connected by horizontal tnbes, and this system also communicates below 
with a dose irregular network of Haversian canals, which ramify through 
the lower part of the section. 

Mr Jomr Eirsop then exhibited a variety of specimens firom the 
Wealden Borings, which, in the name of Mr H. R. Bobson, President of 
the Institution of Engineers, he begged to present to the Society. There 
were also shown a number of charts and sections ezplanatoiy of the borings 
and of the Wealden district 

Mr D. 0. Glen, F.6.S., Vice-President, then read an interesting 
paper, '* Remarks on the Wealden Borings." (See p. 262.) 



13th Jaztuart, 1876. 
Mr E. A. WiiNSGH, F.6.S., in the Chair. 

Mr T. D. Smellie was elected a Life Member; and Messrs David Telfer, 
Robert M'Connechy, and David S. Miller, Resident Members. 

Mr Robert Craig, Langside, Beith, Corresponding Member, read a 
paper entitled, '* Remarks upon the Bed of Dolerite which crosses 
Renfrewshire, to the east of Paisley." (See p. 270.) 

Remarks upon Mr Craig's paper were made by Mr Hugh MThail, Mr 
James Thomson, F.6.S., and Mr John Young, F.G.S., the Litter stating 
that the same Dolerite bed had been pierced, by Mr Matthew Montgomerie 
when he put down a bore to the west of Gamavel, at a depth of about 100 
fathoms; this depth showing a continued dip to the north. 

Mr TouNG exhibited specimens of a peculiarly coloured Calcite firom 
Waterland Quany, Dunlop, Ayrshire, as also specimens of Arragonite and 
Millerite, a sulphide of nickel, the latter a veiy rare mineral ficom 
Dockra quarry, near Beith. 

Mr Kaismith exhibited various Carboniferous foasila^rom the limestone 
at Treame, Beith. 



20th January, 1876. 

President's Annual Address. 

Sir William Thomson, LL.D., F.R.S., &c., in the Chair. 

The address annually given to the Members was on this occasion, at the 
request of the President, Sir William Thomson, delivered by Mr K A« 
Wunsch,*F.C.S., Vice-President. 

The tide of Mr Wunsch's address ,which was given in the Philosophical 
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Sodet/s Lfurge Boom, Gorpontion Baildiogs, Saachiehall Street^ before a 
hagb assemblage of members and otheis interested in the science^ was 
^ Geology in Daily Life.** At its dose Sir William Thomson made some 
snggestiye remarks. A Tote of thanks to Mr Wiinsch for his address 
broa^t the proceedings to a close. 



10th Febbuart, 1876. 
Mr Archibald Bobsrtson in the Chair. 

Messrs James Taylor and James Stirling were dected Beddent Members. 

A series of spedmens of copper and other ores from Australia was 
exhibited by Mr John Eirsop, a brief description of them being given by 
Mr John Mayer, F.C.S. 

Mr James Nbilson, jon., exhibited a series of Carboniferoos fossUs 
from the Moirkirk district, and he also remarked apon their distribu- 
tion. Mr James Thomson, F.G.S., gave a brief topographical and 
geological description of the locality, and spoke of it as one to which the 
Sodety might make an excurdon with much profit 

Mr John Burns, Joint Secretary, exhibited a series of specimens of 
sands and days, prindpally from Stobcross and neighbourhood, and gave 
some interesting facts in connection with their occurrence. For a long 
time he had been experimenting upon the deposition of sands and days 
under yarious conditions, and though he had not yet finished his inyesti- 
gations, he hoped^ at no distant date, to lay the final results before the 
Sodety. 

Mr Thomson said that the collection was an extremdy valuable one, 
and that he hoped Mr Bums would soon be able to place the results of his 
labours before the members. 



24th February, 1876. 

Special Meetino. 

Sir William Thomson, LL.D., F.B.S., &c., in the Chair. 

Professor Geikie, F.B.S., Director of the Geological Surrey of Scotland, 
read a paper, *^ Becent Besearches into the History of the Deposits known 
as Old Bed Sandstone." (For an abstract, see p. 276.) 

At the close. Sir William Thomson said that Professor Geikie had 
undoubtedly conferred a great benefit on the Sodety in giying the results 
of his own and his assistants' labours in a fidd of so much importance, and 
moved a hearty Tote of thanks, which was cordially agreed to. 
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Mr WiiHSOH, F.G.S.9 expressed the great gratification it gave the Society 
to see the lecturer once more amoDg them, and he hoped that at the 
approaching meeting of the British Aasociation in Glasgow Professor 
G<dkie woold be present and help them to sustain the honour of the 
Scottish Geologists. 

Mr John Touno, F.G.S., also spoke to the vote of thanks, and said that 
he was glad to hear Professor Geikie uphold the theoiy of Uie fresh-water 
origin of the Old Red Sandstone. 

Mr James Thomson, F.G.S., said he was pleased to hear Professor 
Geikie state that he had obtained evidence of a gradual but persistent 
passage from the marine conditions of the Old Bed Sandstone into those 
of the Carboniferous age. 

Sir William Thomson then made some remarks upon the enormous 
thickness of the beds, as stated by Professor Geikie, and wished to know 
if there had been a continuous deposition, and also what explanation could 
be given of the comparative paucity of life in certain of the strata. 

Professor Geikie in reply, after thanking the Society for the cordial 
reception they had given him, said that there was great certainty as to the 
measurements he had submitted. In a distance of about two miles along 
the shore near Dunnotar, 10,000 feet of strata were exposed, being 
completely tilled on end. As to animal life the conditions were probably 
similar to those existing in the Caspian Sea of to-day, where some parts 
were so [Bait that they seemed to be entirely devoid of life, whilst other 
tracts were full of orgamsms greater or less. 



9th March, 1876. 
Mr John Young, F.G.S., Viu-Prmdmt^ in the Chair. 

MessrslfWilliam Bamage and George A. Waghom were elected Beddent 
Members. 

Mr D. Cameron exhibited a number of specimens of fossils fiom the 
XJpper^Coal measures near Glasgow, upon which he made some remarks. 

Mr D. C. Glen, F.G.S., showed examples of Lignite, one from Brazil, 
of a pale colour and known as ^'Turva," another, bituminous in character, 
from New Zealand, and a third from Bavaria. 

. The Chairman exhibited specimens of Melanterite, a native sulphate of 
iron found in fissures of the limestone strata of the Campsie and Hurlet 
series, in the pits near New Eilpatrick. He also showed a specimen of 
Marcasite known as coxcomb or radiated iron pyrites from the same 
locality, and^whioh is not often seen in its native crystalline condition. 

Mr David Bobbrtson, F.L.S., F.G.S., then read a paper entitled, 



Digitized by 



Google 



332 TRANSAOnONB OF THE GEOLOGICAL SOa OF GLASGOW. 

^Note8 on a Posi-tertiaiy deposit of sheU-beaiiiig day on the west 
aide of the Bailway Tannel at Arkleston, near Paial^.'' (See p. 281.) 

In illiutnting hia paper Mr Bobertaon hud on the table a beantifiil 
•erieB of spedmena taken from the bed deaciibed* 

After aome remarks by the Chaibxan and Mr GonTT% Mr Jaxbs 
Thokson, F.G.S., read a paper ''On the Stratified Backs of the Gaipel 
Water, Moirkirk, Ayrshire." (See p. 287.) 

Mr Jaxbs NsiLSoVy Jan., and the CHAiBXANy also apoke npon the 
snbject of Mr Thomson'a paper, after which thanka were Toted to Measn 
Bobertaon and Thomaon, also to the exhibitors of spedmens. 



30th Mabch, 1876. 
Mr K A. WiiNSCH, F.G.S., Viee-PrendttU, in the Chair. 

Bfr Donald Oaxerov exhibited a apedmen of magnetic gnnite from 
Abeifddy. Mr Cameron, after noticing the historical and poetical 
aaaociationa of the district, said that last July he had fomid, in some 
excavations which were being made in the sqoare of Aberfddy, yarioos 
small granite boulders in aU states of preservation, from a perfectly 
hard and compact one to that of a meie mass of graniUc sand. Finding 
by the use of a small pocket magnet that this decomposed granite 
was highly magnetic, and that the harder specimens were so in a less 
degree, Mr Cameron submitted spedmens to Sir William Thomson, 
who was surprised to find them possesdng such strong magnetic 
properUea. No granite is to be found in situ near Aberfddy, and 
Profeasor Geikie believed them to have come veiy probably from Glen 
Dochart and the moor of Bannoch, where enormous masses of gianite 
of different kinds exist. 

The Chairman said that they were indebted to Mr Cameron for 
bringing the snbject forward, as it opened some very interesting questions 
regarding the occurrence and distribution of magnetic granite and 
other rocks. 

Mr John Touno, F.G.S., said that Mr Cameron's spedmens were the 
first of the kind he had seen. He suggested that these boulders might 
have been drawn from the granite of the Bonaw r^on. 

Mr D. C. Glen, F.G.S., also made some remarks referring to the 
discovery of magnetic sand in Bute by Mr Archibald Gray two years ago, 
and which he (Mr Glen) had duce detected nearly all round the isLind. 

Mr David Bobebtson, F.L.S., F.G.S., then read a paper entitled^ 
<<Gamock Water Post-tertiaiyDepodt" (Seep.2d2.) 

Mr Bobertson's paper was illustrated by a large and beaatifrdly pvepaied 
series of apedmena. 
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Mr John Young, F.G.S., exhibited the new Geological Survey Map 
of the Campsie district upon the 6-inch scale, and for this early copy 
he was indebted to Mr Jack of the Survey staff. Mr Young, whose 
acquaintance with this district dates back from his earliest years, then 
gave a short but graphic sketch of its salient features, many of which 
had been visited by the members of the Society in by past-years. 



20th April, 1876. 
Mr D. C. Glen, F.G.S., in the Chair. 

Mr James Dairon read a paper entitled, " Notes on the Silurian Rocks 
of Dumfriesshire, and their fossil remains." (See page 176.) 

In illustration of his paper, Mr Dairon exhibited a fine collection 
of Graptolites and allied forms. 

Mr John Young, F.G.S., said it was a matter of congratulation that 
the Society should number amongst its members at least one who had 
made a speciality of Graptolites To the uninitiated these organisms might 
seem of small consequence, but they are, on the contrary, of great interest 
and importance. Mr Dairon has added from the Moffat field some new 
forms to the list of species, and his collection is certainly not rivalled in 
the West of Scotland, and possibly not in Britain. 

Mr Jambs Thomson, F.G.S., and the Chairman, also made some 
remarks commendatory of Mr Dairon's paper, the latter mentioning a 
curious use of the alumina shale by the inhabitants of the Moffat 
district — that of steeping it in water and using the liquid as a wash to 
cure sore mouths. 

Mr David Robertson, F.L.S., F.G.S., then read the following note 
" Upon the discovery of marine forms at a higher level than previously 
known in the neighbourhood of Glasgow .*" — These Ostracoda were found 
in laminated clay taken from the sewer, cut in the early part of this season, 
in Campbell Street where it enters Sauchiehall Street. I have occasionally 
obtained Foraminifera, generally PoVy$iomdla, striato-^inctata, a genus 
common both to marine and brackish-water conditions, and which, 
therefore, indicates a marine or submarine origin of the deposit; but in 
this case the presence of Ostracoda, and, chiefly a marine species, 
Xeatoleheris depresm, which inhabits the deeper water below the tidal 
belt commonly ranging from 2 to 60 fathoms, gives a decided marine 
character to the bed in which they are found. The most important facts are 
that this deposit is 102 feet above the present sea level, and that the eleva- 
tion is the greatest, so far as I know, at which marine fossils have been found 
in the neighbourhood of Glasgow; but as similar oi^nisms have been got 

w 
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more than 400 feet abore sea-level at Cbapelhall, near Airdrie, there is no 
reason to doabt that such exist at as great a height, or even higher, in oar own 
district, were they only looked for when opportanities occur. One reason 
why the discovery of similar remains is not more frequent, is that objects 
which may be seen at a cursory inspection are looked for, and when they are 
not found the deposit is pronounced barren, though all the time it may 
abundantly contain such minute crustaceans as those I have noticed above. 

Mr John Young then gave a descriptive notice of the district to which 
the Society proposed to take the annual picnic excursion on the Queen's 
Birth-day, viz. : the Touch Hills and Carse of Stirling. Mr Toung spoke 
of its memorable historic associations, and also of its interesting geological 
features, and hoped that Queen's weather would be the good fortune of 
the gathering on the 25th of May. 

Mr James Neilson, jun., exhibited a specimen of Graphite 
artificiaUy produced in the process of iron-smelting, on which Mr Mayer, 
F.C.S., and Mr Glen, F.G.S., also made some remarks. 

Mr James Thomson, F.G.S., stated that when recently at Tarbert in 
Harris, he was struck with the appearance of certain rocks which were 
interstratified with a dark grey metamorphosed shale. In the former he 
found some structure-like markings which caused him to examine the mass 
more carefully. Closer examination showed that in several of the 
specimens appeared elongated cellular-like chambers with minute trans- 
verse burs, Buggestiog that such might be of organic origin. The question 
arose then. Do they belong to Eozoon Canadense, discovered by Sir 
William Logan in the Lauren tian rocks of Canada? As the rocks of this 
part of the West Highlands belong also to the Laurentian group, it is all 
the more probable that similar organic remains may be found in them. 

Not being acquainted with the structural details of Eozoon Canadense, 
Mr Thomson felt the desirability of submitting his specimens to authorities 
on that interesting but obscure organism. He therefore sent a specimen of 
the rock to a lapidary, who prepared thin slices of the most promising por- 
tions, which were then submitted to Prof. H. A. Nicholson of St Andrews, 
who had, he knew, opportunities of studying the original specimens of 
Eozoon Canadense in America, and he at once pronounced the Harris 
structure to be of organic origin. Mr Thomson also submitted the sections 
to Mr R Etheridge, jun., palaeontologiBt to the Geological Survey of 
Scotland, who also pronounced them to be organic, stating indeed, that 
if not so, he never had seen organic structure in a fossilized form. 
He also requested that Mr Thomson would allow him to show them to 
Prof. Geikie, which he did. The result of all the examinations by these 
gentlemen being that each pronounced the structure to be of organic origin, 
it was suggested that specimens should be sent to Prof. Carpenter, which 
Mr Thomson accordingly had done, and was now waiting his reply. 

Meanwhile, there seemed to Mr Thomson to be no doubt as to the 
organic nature of the specimens, and from the assurance of such competent 



Digitized by 



Google 



PROCEEDINGS FOU TfiE YEAH 1876-1876. 335 

aathorities, he felt persuaded that at last had been discovered a clue which 
would help to trace the life history of that great but still obscure period. 
He had no doubt that further inyestigation would yield specimens from other 
localities, and that the metamorphio rocks of the West Highlands would be 
invested with an interest they had not hitherto possessed. It seemed to 
him very improbable that such an extensive body of stratified rocks should 
be destitute of all traces of organic life. And although highly metamorphosed, 
through which, in all probability, many of the traces of organic life must have 
been obliterated, there was still hope that further evidence of the life 
history of the period would yet be obtained. At present he left the 
decision in the hands of Pro! Carpenter, well knowing that there was qo 
one more competent to decide the question. 

Mr E. A. WiiNSGH in a few words congratulated Mr Thomson on the 
important discovery which he had made. 

Mr John Young stated that he was soriy that he could not agree 
with Mr Thomson in regarding the specimens exhibited as of organic 
origin. On a former occasion he had the privilege of examining specimens 
from the same locality, which he at once pronounced to be graphic granite, 
but which at the time Mr Thomson was inclined to think were of organic 
origia. These Mr Thomson had since admitted to be graphic granite. 
He, Mr Young, had looked carefully at the other specimens and sections 
exhibited at this meeting, and he could not see wherein they differed from 
the former, except in colour. In the former specimens, the grey quartz 
was crystallized along with a pink orthoclase felspar; in these the felspar 
and quartz are both of a greyish colour, and the two minerals are seen to 
be arranged in the rock exactly as in graphic granite. The organic struc- 
ture which Mr Thomson thought he saw in the felspathic layers of the 
rock, he (Mr Young) believed to be the mineral cleavage of the felspar crystals. 
He could hardly think that any stratified rock of organic origin could ever 
be changed by any process of metamorphism, so as to exactly resemble in 
its mineral composition and crystalline character that of a typical graphic 
granite. Until, therefore, the specimens were examined chemically, and 
by a microscopist thoroughly able to give an opinion as to the difference 
between crystalline and organic structure, he was inclined to hold to the 
view he now expressed. 

Mr Thomson also exhibited two new genera of Carboniferous corals, 
one of which he had named Carcinophyllum Kirsopi, in honour of the 
gentleman from whom he had received the specimen. He also showed and 
made some remarks upon a beautiful series of type specimens of Belgian 
corals sent him by Prof, de Koninck of Li^ge. 

A vote of thanks was then accorded to all the gentlemen who had read 
papers or exhibited specimens. 
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ADDITIONS TO THE LIBRARY. 

SESSIONS 1874-75, 1875-76. 



Arctic Expedition, Manual and Instructions for the, 1875. 
Belfast Naturalists' Field Cbib. Annual Reports. 1873-74, 1874-75, 
1875-76. 
„ Guide to, and the adjacent countries, by Members of the Bel&st 
Naturalists' Field Club, 1874. 
Berlin. Zeitschrift fiir die Ges. Nat Wis"*- July to December 1874 
Boston. Society of Natural History: — 

„ Memoirs. Vol. II. Part III. Nos. 3, 4, and 5. 
„ „ „ „ IV. „ 1, 2, 3, and 4 

„ Proceedings. Vol. XVI. Parts III. and IV. 

„ XVII. „ I., II., III., and IV. 
„ XVIII. „ I. and II. 
„ On the Spiders of the United States. By N. M. Hentz, M.D. 
Berwickshire Naturalists' Club. Proceedings for 1874-75. 
Bristol Naturalists' Society. Proceedings. New Series. Vol. I. Part 

II. 1874-75. 
Bristol Naturalists' Society. Laws and List of Office-Bearers, etc. 
Brussels. Annales de la Soci^t^ de Belgique. TomeL 1874-75. 

„ Bulletin de I'Academie Roy. de Belgique. 1874-75. 4 Vols. 

„ Annuair© „ for 1875-76. 2 Vols. 

Cairo. Soc. Khediyivrale de Geographi& Constitution and Laws, and 

Inaugural Address of President 1875. 
Canadian Naturalist Vol VIII. No. 2. 

Christiania. Geologiste Undersgelser. Troms. Amt Karl Peterson. 
„ Troms Amts Orografi. do. 

„ Beretring om nogle Undersgelser. 0. E. Schitz. 

„ Om Kromjemsten i serpentin. Amund Helland. 

„ Det Eongelige Norske Ved-Selskabs Skrifter. Trondjeim. 

1868. 
„ On Giants Cauldrons. By S. A. Sexe. 

„ On Glacial-formationeuL By Prot Theodor Ejerolf. 

Cornwall Journal of Royal Institution. Nos.XVILandXVIIL 1875-76. 
Cotteswolds Naturalists' Club. Proceedings for 1872-73. 
Dresden. Sitzungsberichte der Natur. Gesell Isis Jahrgang. Octobev to 
December, 1874 January to June 1876. 
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Dublin. Royal Geological Society of Ireland. Proceedings. New Series. 

Vol. IV. Parti. 
Edinburgh. Royal Physical Society. Proceedings. 1874-75 
„ Geological Society. VoL IL Parts II. and III. 

Glasgow. Natural History Society. VoL II. Parts I. and IL 

„ Philosophical Society. Proc Vol. IX. Nos. 2, 3, 1874-76. 

India. Records of Geol. Sur?ey. VoL VL Parts I., IL, and III. 1873. 

„ Memoirs of do. Vol. X. „ I. „ 

Li^ge. MeuL de la Soci^t^ Royale. Dme. Serie. VoL IV. Nov. 1874. 
Lille. Mem. de la Soci^t^ Geologique du Nord. 1876. 
LiverpooL Lit and PhiL Society. Proceedings. 1872-73 and 1874-75. 

„ Geological Society. Proceedings. 1872, 1873, and 1874. 

London. Geologists' Association. Proceedings. VoL IV. Nos. 3, 6, & 8. 
„ Annual Reports and Lists of Members. 1874-75. 
„ Geological Society's Quart. JoumaL Nos. 123, 124, 125, and 126. 
„ do. List. November 1875. 

Manchester. Geological Society. Transactions. Vol. XIII. Parts X. 

and XL VoL XIV. Part IIL 
Milan. Societa Italiana di Scienii NaturalL VoL XVI. Nos. 3 and 4, 
VoL XVII. Nos. 1, 2, 3, and 4. VoL XVIIL Nos. 
1, 2, 3, and 4 
Moscow. Bulletin de la Soci4t6 Imperiale. 1875. Nos. 1, 2, 3, and 4. 

„ do. do. 1876. No. 1. 

Munich. Sitz. des Mat. Phys. der. K. K Acad, de Vissen. 1875. 

Heft 1, 2, and 3. 1876. Heft. 1. 
Orleans. Archives of Science. Vol. I. No. 6. 
Otago. Geology of. 
Paris. Bulletin de la Soci4t6 Geologique de France^ June 1875 to 

September 1876. 
Philadelphia. Proceedings of Academy of Nat Sciences. 1874 and 1875. 
„ do. American PhiL Society. 1874 and 1875. 

Pisa. Attidella Societa Toscana. VoL I. 1876. VoLIL Fasc.1. 1876. 
St. Louis. Transactions of Acad, of Sciences. VoL III. No. 2. 
Vienna. Jahrbuch der E. E. GeoL Reichsanstalt Nos. 1 and 2. 1875. 
„ Sitzungberichte der K Acad, der Wissenschaften. Math. Natur. 
1873, No. 10; 1874, Nos. 2, 3, 4, 5, 6, and 7. 
Warwickshire. Nat Hist and ArchaeoL Society's Reports. 1875 and 1876. 
Washington. Department of Agriculture. Reports. 1874. 
„ Smithsonian Report. 1873. 

„ Report of GeoL Survey of Missouri. Broadhead. 

„ do. do. Atlas. 

„ U.S. Survey. Birds of the North-west Cottes. 

,, „ Cretaceous Flora. Lesquereux. 

^, „ Structure and Relations of Dinichthys. 

J. S. Newberry. 
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Washington. U.S. Survey. Report on Dakota. By William Ludlow. 
„ Vegetable Remains in Drift DepositB. N. 

H. Winchell. 
„ Explorations in Minnesota. CoL Whittesley. 

,j Invertebrate Pakeontology. F. B. Meek. 

y, Monograph of the Geomedrid Moths. A. 

S. Packard. 
„ Bulletin of the Survey. Second Series. 

Nos. 2, 3, and 4. 
„ Survey of Minnesota for 1874 and 1875. 

N. H. Winchell. 
„ Catalogue of Publications of Survey. F. V. 

Hayden. 
„ Surveys West of the Mississipi, and list of 

Elevations. 
Watford. Transactions of Nat Hist Soc. VoL I. Parts I., IL, and III. 



MISCELLANEOUS. 

Brady. Fossil Foraminifera of Sumatra. 

CroU^ James. On Theories of Oceanic Circulation. 

Hunter, Dr. Vertical Section of Carboniferous Strata. Part I. 

Hutton, F. W., F.G.S. Geology of Otago. Dunedin, 1876. 

Jones, F. R. On Woolwich and Reading Beds at Reading. 

Jones and Eirkby. Notes on some Carboniferous Ostracoda from Russia. 

Recketts. Cause of the Glacial Period. 

do. Metamorphic Rocks of Malvern Range. 
Winchell, N. H. Twenty-seven Pamphlets on Geology of Michigan, etc. 
Wright J. List of Cretaceous Microzoa of North of Ireland. 
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GEOLOGICAL SOCIETY OF GLASGOW, 

IIsrSTITTJTBlD 3S^-A.ir, 1858. 



SESSION 1876^7. 



Jrtiibeni— Sir WILLIAM THOMSON, LL.D., P.R.8., Ac. 

For Three Tears, I For Two Years. I For One Year. 
James Daibon. | John Young, F.G.S. | David Sandbman. 



COUNCIL. 



James Armstrong. 

D. Corse Glen, F.G.S. 

John Eirsop. 

William Baxter. 

David Kobertson, F.L.S., F.G.S. 

Siqismund Schuman. 



Archibald Robertson. 
Hugh MThail. 
John Robertson. 
Daniel Wilson. 
Thomas M. Barr. 
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